UNCLASSIFIED

AD NUMBER
ADA800289
CLASSIFICATION CHANGES
TO: uncl assified
FROM: restricted

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Qperational Use; 20 APR 1951.
O her requests shall be referred to Signal
Cor ps Engi neering Laboratories, Fort Mnnout h,
NJ. Pre-dates formal DoD distribution
statenents. Treat as DoD only.

AUTHORITY

DoDD 5200. 10, 29 Jun 1960; USAEC |tr dtd 18 Mar
1971

THISPAGE ISUNCLASSIFIED




e,

DEFENSE ‘DO‘CLIM-ENTATI”ON C‘EjNiT;ER .

_50.8\

SCIENT!FIG ANB TECHNILM INFORMATION -

GAMERON STATION. ALEXAND VA, ViRGlNIA

CLASSEFICAT’?Q CHANGED
- TO UNCLASSIFIED S

FR.M RES'lRIC“TED |
PER AUTHORITY - 4

. DOD DIRe 5200510 29 June 60 -

‘0\

S 2 I
RECARR e
RPN -

'UNCLASSIFIED

o _— = S — — .2 T 5 Diwpr et T
. S — =

e L R B L
Tt e w b



’NO”ICE When govemment or - other d.mwings, speci- ‘
fications or other data are used for any purpose
other than in connection with a definitely related
government procuremenﬁ operation; the U. S.
Government thereby incurxs no responsibility, nHY any
obliga.tion whatsoever; 3 and the fact th&t the Govein-
ment may have formulated, furnished, or in any: way
supplied the sald drawings, specifica;tions, o cthéxr
date is not to be regard.ed by implication ot other-
vise as in any manner licensing +the holder or any
other person or corporation, or conveying any rights
or permigsion to memufacture, use or 8€1L any

m+=m+aa 'invnn‘l&ign that: may -hn nv\v 1:9'.\; be relnted
thereto. .

© e et g et~ an = r rrnn, et e w0t % e e e v e Tesr s o i e L A L o : e



o

HORIZONS INCORPORATED
2891 EAST 79th STREET, CLEVELAND 4, OHIO .
7 REPGRT Nao 9 ’
. THIRD QUARTERLY PROGRESS REPORT _
(Javuary L, 1951 to wmwich 3ky 1951} .
APPLICATION (F PHOSFHOR TYFE MATERIALS TO
‘BLECTROSTATIC ELECTROFHOTOGRAPHY
Frepared forsg |
Signal Corps Engineering Laboratories
Fort Monmouth Photographic Branch - *
ﬁ . Chemicals and Methods Section
(Contract No, PA36=039 sc=156, File No. 17208-PH=50~5 (L28L)

Date Report Completed
Svbmitted tos —'

‘Report *«?z-itten bys

GOPY NO, b_ of L3 COPIES

&

Horizons Incorporated
Gleveland, Ohiop

S sa g oy

April 20, 1951

File No, 17208=FH-50-5 (428L)

Dr, Eugene Waiher

" Director of Ressarch

Signal Corps Property Officer, SOEL




:F% 4i
.

i

i

»

H

i

|

{
i
1
]
il
i
|
i
|
l
I
by
|
I
|
i
i
|
3
i
f

* | N TS
} . : TABLE OF CONTENTS | S

o - = = |
‘E’- ’G‘ENTERA‘L gm}ly ‘0 0,0 © & @ ° © o olle o] o s o - o @ o o 6 e o P s _3- B

A - EX?ERIBENTAL % 8 @ ol o & 0 6 6 0 06 © o @ © 5 0 © o e & 6 0 O @ © .7

'E - A"-— TQChnlqueS ® 9 © 0 & @ © 6 o e ° © 0 6 o o ® o & O o e o o 7 .
Phoi:!ocomuctive Cell D&Si@ 8 « 6.0 & 0 0 6 © o P 9 6 ® @ @ 7 ’

I . Technique of Measurement and I11umination o o o o o o o o & 1

?5 . I i Am-o‘mt Of Binder LI ] ® @& © o ® o e o o @ -[o- 6 & o & » b6 o 8

b ... ... ., Flate Preparation Using Spin-on TechniqueS. » s o o o o o o . 8

I ‘ 3 , Spectz‘al ﬁensi'bin‘bye e . o o 06 © 6 © © 0 0 @ © © O 6 o o O ?

- . , . .Electrometric MeasurementS. « o s+ « ¢ 5 0. e .0 o o 0 0.0 0o 8 9

) 3 ) ' - ' v : SenSltometr‘J ¢ b © @ 2 ® 3 6 © © o % °© 5 o W @ 3-0

s o Triggered Osclllo;rraph:.c Techmques B P

, ? ,'B'ca Prepara‘blon Of Ma'berial o o o e Vo 2 o o o & & o6 o o & & . 12

. L Qo Chemical ﬂna}.}’ﬁi”é o o 6 & & & @ e o o o ¢ o o © 6 0 & o o ¢ - 1,9 '

¥ ' & !ULTS AND DISGUSSION" e 5 60 o0 o 0 0 6 b o e o e o s oo e 19

:{'o .z . T . ' I

&g : COMLUSION& ® 6 ¢ ¢ § & 010 0 5 5 o b 4 6 8 0 0 0 0 @0 O 0 v o & 35

:w’: A - ‘ °

APPENDHI oocon'o-o o ® 6 0 6 o ® 6 & 9 0.0 b ® O O & & 79
Tentative Evaluation of the Factors .
‘ Affecting the F_leo'hrnnranh"im Pracessa .

’ Preface e © @ & w® .-@_ 0.0 o ©.© B © 6 ¥ ¢ O 6 & O & 0.0 © 6 O ¢ 9. i
; i" : T . o Ijg; Phen(l!!lenﬁl()gjsﬂ,al Eode‘i§ ¢ 0 @ & 6 © o 56 6 & & O e v & O e i
L, Tnir HCtlono o o o l . o 0 o o o o o s o i

I8 B, Simpliffed Bauivalend Circwit Model . S sli e e @ AT
4 - Ce Rise and Pecay of Equivalent Gonduct:;:vity and

S ' o ’ Dle.LBC‘bI‘:LC Constant of Phosphors,. A T

| O ’ ) ITe. SOlld Statangode.s.as s o ki

APP.EI\E)H II & o © o o‘ 6 .0 e e o & o o :9 o 6 o6 o » 6i v &€ 6 o o m
g | : Notes on a Macroscop:.c Theery ‘of - '
il Electrograj aphic. Speed .

) ' i Ao Th.e Cfu&ltum Yleld ® o 6 ¢ 6 6 6,3 © © © o ; ° o~A 30 ¢ » B © }d.x
i1 ~ Be The Charge Decay During Exposwe : . - , T XX
; - W . co 'The Dar’( Tlme Gonstan't - 6 6 0 0 .0 0 0 % 8 ©6 & @ o © 0 ® m

°
[
[ ]
L]
o
L]
L
L]
<
o
L]
L]
L 4
o

HORIZONS IN.O?:RPQRATBD - m @é\ =




Al AN . ™~ - e A g ot A L A

HESTRICIED -
LIST OF TARIES
Table o Emse o
T YT Blectrical and Spectral Data T S A
2 Zn0 and Zn§ Calcinations - ' o’
3 Bffect of Thickness ard Binder Conten‘b on , ‘ P _“h:
flectrical Propérties of Phosphor Nos 2225 o 3% ..
Effect of Doping Fhosphor Now 2225 with oy Lo _‘: L
Effect of Doping Pure Zn$ Wi’hh CuCl,, by Haating R
One Hour at 980°C with 6% NaCl - !
6 Effect of Doping Pure¢ ZnS with AgNO, After A .
Heating One Hour at 980°C with 6% Nacl 12
7 Photoconductive Proverties of €3S from Various Sources l;3
& Photoconductive Properties of Mixtures of Phosphor e
Noo 2225 and Harshaw Cds Prepared by Standard Technique L%
9 Effact of Variation of ELight Intensi'by on Pulse o
Gurrent and Rise Time, Phosphoi No. 2225, Plate No, 83 L6
1o Pulse Gurrent and Rise Time for A1l Phosphors ‘ L7
ST T o ) e — 5 o
; RESTRICTED: , o I S
AT LCS B13 {corPizs OBTASNABLE EROM CADO)
HORJZONS (NCog CLEVELAND, 0o (REPORY K0..3):
f APPLICATION OF PHOSPHOR. ;vpe: MATERIALS: TO ELECTROSTATIC
; ELECTROPHOTOGRAPHY ~ AND APPENDIXES 1 AND §1 ~ THIRD .
. QUARTERLY PROGRESS REFORYT = JAN 1 TO MARCH 31, 1951 .
EUGENE WAINER 20 APRILO51 O7pp msx.s_s,gusns.,amms )
USA CONTR, MO, DAIG~D39-5C~156. j
‘PHOTOGRAPHY (26 ELECTPGRARHY"
PROCESS NG (0) A PHOSPHORS. — OPTICAL
PROPERTIES
oo RES‘!’RICTED ,

ar.

HORIZONS INCORPONATED

; . .

r . 0 .

o - - 7 v " 1
. -1 v, » ¥l

e i S B g A (15 e Wl STRIIOLT WL 3 3 e e
"o e et 4 o an, A e o it | o et L4 et e L o e e 7 S - [ s ¥ i




A\
1
3
¢
¢
$
i
3

!

E
s
* i
|
l
l 1
{“F‘:
§
[
|
i
|
'{
"

R

ST R ETIRR
x
|
|
|
|

= | LIST OF FIGURES

PRUSSNIE SY.

e R o S e s e ity 5055 TS i i s B
- R -2 1 .- e -

G s e S S S
¥
i
{

}
f
¢
;.
T
t
¥
f
13

1 o Current vs. Time o.ﬂ Photoconductor on Illumina‘bicn S >
Phosphor No. 1504, Plate Mo, %7 o 18

2 Gurrént. vs, Tiie of Pho‘izoconductor on Iﬂl’:m:’mation ,
Phosphor No.. 2225, Hate No. 82 ~ e

3 Current vs., Time of Phot conductor on Illum:‘mmtion - ',
Phosphor No. 1617, Plate No. 160 50 co

b 2225 Flate 0.035" L s
g 5 2228 Plate 0,001%, + 7000V, + 48OV . 52 '

6 2225 Flate 0,001" , L B3
7, 8, 9 TReverse Charging ‘ A | Bl 559 86
10 2200 Plate 0,005 87

1 150k Plate 0,0025%, 45000 V5 + 270V 58

12 150k Plate 0.0025% : | B9

13 150k Plate 0,00L", + 5000 V, + 180 v | 60

i x50k, ma%;e 0,001", + 5000 ¥y = 67,5 V -6
15,16  Reverse Charging : 62, 63
17 No, 369 slides 0.1% cds,;“g9.b9'jzf’ 2225 I 6l
18 o, 366 slide: 0,28 0dS, 99.0% 2285 6
19 Noo 367 slide: 5% Cds, 95% 2225 66
20 No. 366 slides 9% GdS, 91% 2225 | o &7
21 No, 362 slides 15% 0dS, 85% 2225 S 88
22 Moo 350 slides 20% @i, 80% 2225 o s
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MTR’LQTED

GENERAL SUMMARY

| Despite br{!aﬁ varia.tions in technig;w N mathgd of prepa g;tion, and'.w w;‘

> T T 1 s e he " T PN " PRIy W AT+ AP O —

' material " the overall photographic speed of electrogra.phic plates made from .
the best of commercially o’otai.nable photoconductive phoeaphors is extremy
dow, being of the order of 1As4 or lesso ‘Thesde low speeds are evident. whera ,
'bhe ‘Carlson or Kalmnn method of exposurs is useclo SuCh results ha.vg_a ﬁggg,p:, . ~
cenfirmd by & variety of elecrbrdgraphlq:, sensitometric, and :élécfm;:égi
measurerents, Wore imporiant is the fact that thevoré'h.’i.:cél t‘e:}':anlz:inét:i;ozi of
the elea'tccgrs.phic process usn.ng such photoconduct.lve phosghors indicates ,
'bha,t only low speeds may be expectedo ‘ '
The usudl methods of electric treatments ::.n:i.'biated ‘by infra-red‘v
.q,uenching was used in at’baining such speed figures, '.[‘he evidence indica,'bes

that the most important requiremsnts for _solu;'_bion in order 4o mget. t,hes
! ( - spacifications of this project ares '

.

%o A major modification in the sensitive materialse

[i 3 N —
43 20 A major modification in lighting techniques

other than those identified by the names '
. Garlson or Kalmpnn,

3. A major modification in the method of preparmg
the- photographic plates,

4« these, _izhe basic change in sensitive m-beriais- is -c’onsiféé;:ed the most .
importente | | U
~ The pho*aoconductive activity of zmc suli':.de-ncadmum sulfa.de .
phasphors appears to bée greater 't.he greater the cadmlum sulfide content s and
the indication is shayp that phosphor-like photoconductors consisting éntirely
of properly doped cadmiu:ﬁ sulfide will be mere effe-cti’vel t‘ha; comrcial]y
a;vailable phosphors for pholographic purposes by factors which may be i;g' '
o | order of magnitude, The experimental evidence further indicates that a
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-2 EERTO
: f'l - wﬁaphor which has been made lwninescent by use of a subst;ttutional impur

:Ls -HOY- pmmconduc'bive whereas a sulf:l,de z:;hosphoz' made ‘lurni.neaﬁema by an-
interstitial :mem'ity is photoconductive. For the present, copper aeemﬁ to. .
ba ths most importan‘c. interstiﬁial impurity of ’ahis type. 'I'he smounty of
mtersmtial impuri*by needed to yield the best resultls for photoconductive

S ,pro}u r*bies.
‘ “ P&st worl: has indicated corrélations between photographic proper‘bies
.( - | . amd various p‘iec_es. of electrical data, Of these, it ¥s now clear that the

| | ‘agf:é,éma;r;t between dislectric constant changes and photographic results is
f(_srtuiltoua while the ragr'e,e'me;nt, shown batween prhotocohductive reéuﬂ:m and -bhe
;phot,o'grsaphic re's‘llﬂ.'f‘za is probably proper. As a matter of fact, the tkeory
indicates that thé increase in dielectric conat'an'h‘eaddi\bitsd on ilﬂlum;'ln,atiom

W A T e ahoe ma s S o o

of an eleotrographig plate made of oomercially availdble phos;ahors is an
adverse phenomenon with reSpect to photographic speed and that changes in

dielec’oric constant. oi‘ gero or in the nega,tive diracta.on would be more

—-deg: able AF possibleo .
i | . '“he normal methed of rotation of illumination prior 'lso exposure
[ has always been appreached in the past i‘rom the point of view of emptisd
eleé‘bron- trapss, that is, infra-red quenching. If the method of illuminatian

is revarsed so, that the sa.mple is flooded with Light while in a poﬁential ‘
£isld, .then placed in the darkg. the current reveraed N and ‘the plate then -
exposeds a sharp pulse of .photq.conduct;ve current is ob.t.ained Sfrom come;ciém
was;lablé phosphors which is' 10 to 100 times greater than the phofoc@di;é%iﬁe ‘
cﬁs:*'r@nt obtained with the normal method . Thié phenomenca has been ‘termed |
Hpoversal® and may be repsated indefinitely. It involves initidtlon from
complately £illed traps, : | RESTRICTD
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: , Through use of triggered sweep vscillograph:.c techm.ques, ‘bhe shape

- of the charging curves when u@ed ag a- photoconducﬁm unde" photograp‘ziu O -
e¥posire conditions has been rl.raced u*':dav both uormal and raversal conditions;
'While these data mdicate the poa&iba.lz.ty for marked 3.mprovemen‘h in speed

by using the mse s:.de of the pulc;e currentg such data also shcw that the | )
rate of 1i-ghfbr decay is very large and g hlghl}’? spacia.l;:.zed ty.pe of 'eyposure ' '
will probably be hecessary in order to take care of these shor'b t:.m pu.lses o
ofcurrent, ' . )

Initisl investigations of the théoﬁgticgi éspe'c{o_g of élé;é;c'fégi-éphig "

propsrties of phoép_ho'r.é ‘and phosphor<like photoconductors havé ‘bee‘n* céﬁpieftéd-
and. two reports on this suoject dre presented as a. supplement to the present J :
report. This theorstical approach indicates that a highly '{:Ql.llplex 'Sﬁqﬁﬁgation(
is in process during exposure, Further, the theoretical approach indicates

' .;bh,a't. the iﬁcrease‘ in diélectric constant exhibited by p’jnqu‘phoz,:s. is an
MVGISG’-P}I%Q@I;QI;‘ as far as photographic work is :concemed_ ‘aﬁd that only
photoconductive and éle.ctzfometric éhange‘s are important for evaluating the
photographic process. The photoconductive -and'cji_ielactri:c processes appear
to éct separately: In tho'se cages wasce 'lar-g'e die’lee.t.ric -c‘hanges are
accoman:.ed by large photoconductive chang«ess the ov erall spéed of the
phesphor is high and it appears that the magnitude o:t' the photooonductive

| changes are sufficiently large in such cases bo mask the dielectric changes
whick are evidehbt, ‘

mec-promtri-q mgasixréxﬁe}zts- have been .g_grriéd out on a varisty of

_ rhotographic systems using commercially availabile ‘ph05ph.ors; :.n measuremsnt
of light and dark decaﬁr r'a’c@so‘ These results have éubstantiéted" some of the

conclusions which have been reached in the axperimental endeavor of the sarly
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portions 6;:{" “bh:.c-x work, ‘Such ¢onclusions déél with the v-a:rj“.a,.tién in pho.’r,eé |
- .'gifa?hic“;s';pee'.d: v'i*bh »th'i';clmesss,-'amoun‘bw*‘ fbﬁm&er;*znd*type*-of‘ phospher relativ’a: S ““ :
o the cadm:.um sul ide cc;ntent, Using such decay rate data, comparlsons were ’I
made between 'l'he phesphor type pla.tes and tbe selenium type plates mth the
7re,su_1b .that. the selen—ium type plat.es az?e. :coughly 30 tmmes fas-ter than the-
bast of the phosphor plates we have made thus. far, These msults have been .
checked c'ensitomntmrally.. A i‘m*ther sharp dlfference ex:.sts bemeen phosp};or
| and selemum type plates. In the case of selenlum, the charge cm the suri‘ace
of the plate decays rapidly to zero o;x. exposu,r.e. to. .?,iga’qg,,. wheréds in the .
cage of the phosphor ﬁﬂ:aﬁe's s the ch'é‘arge, decays fairly rapidly to some high : .
level above ground on exposure to l:.ght and appears to remain indefinitely
at this high levelw The theoretical approach indlca'bes that such a result
shbuid exist in view of the increase' in dielectric constant of the phoaploz
.systems on exposure to 1lght vwhich in effect ingrease the ability of the
gystem Lo rétain a charge, \
Preliminary bests have been carr:.ed out nth respect to preparatlon
of photoconductive films of lead su.i_i‘ide,, germa'mumg and silicon from the
point of view of obtaimng high resistance., Further .a-tteupts ﬁo prepars
thin films of phosphors by ceramic hechniques <:t °levated temperatures have
coninued, In view of other findings friém 4 materisl .stan,dpcmt dealing
chisfly with CdS, these excursions into the field of 'o"ch,ei* types of phoiG-
conductive syst:ems have been dropped, R | .: ‘ | :
Probably the most inportant i‘mdn.ng :m connec*b:Lon with the WOI’K
done during this quarter is the relation between cadmiun sulf:.de con'bent of '
the phosphor and phetographic speed s In w’nlch the h;.gher the cadmiun sulfide |

content the higher the speed. 8ince the compositions of most phosphors are
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&nalys:.s,d&. -msnlty & grosmemohasa.ﬂ.ma&laii Qn«;bhe“studyuof_,,pure Gadmiim. ._N.,_M
: Llf*‘ﬂee Cadmum sulfn.de of un}movm purity was obtained from a va tety of )
sources and uowafd the end of the prosent quar'berg samples of 1um1nescen'b

free cadmium su,lfide was obta:.ned from two sources 9 namely Sylvania and RC‘&.
At the same time £ J.umimscent i‘ree z:mc selemde has been .anluded in bbe o |
program, Using such ma‘terials o photoconductors hav:v.ng 1igh‘b~{iark ratios of N ;
as high as 10(30 'bo p have been made, bud; up to Jc.he present,, the \dark resistance
of such ‘photoconductzve sy'stems is s*bill 100 h:.gh by a fac‘bcr of 10 to make
them useful for ph@tographlc purposeso The prinary effor’s in fhis connect:.on
is the reduction of the dark resis%a.nce to a smtable level '

, "4 new phosphorescént system has been included in the imééﬁi:‘é;%igﬁ
which is entirely ouﬁsi.de, of the field of the type emphagized so far, This |
system is fluorescent ga;'a‘ss‘ which has -‘be.e:; chosen ¢hi.eﬂy because of the : E
extremely high c-iark_resié-i:'ance ift exhibilse -'Irh :‘:—nvé‘.?l:ve-s the preparation :éf.'
fluorescent glass by electrolytic transi‘er of s:u.ver iong into the glass _
gtracture s When properly preparedg Bsuch a phosphor glows br:Lgh"h ye.;.lew under

3
« S

ultra-violet Light, _ . : - T S .

Recapn.’cula.’c:.ngs the various d..vu.«nons of expermental endeavor which have

been engaged in during tlie present report period’ nay be hste_d‘:%s‘ follcwssz

1, Development of & highly sensitive phoboconductive ¢ell for
measurement ;pizi'bo'Ses o

2¢ Detemnlnatlon of ‘the efi‘ec’c. of p‘la’te thickness and amount of
,binder on photographw speed.,

3. The de,terminationl of variétions in degree of pho%oconductivity
as a ré,sult in variation of the spectral range of the light ﬁsed for _
1lumination purposes. : ' m
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Le The laboratox;y 'synthesri.s of i)hotocondueto:éts s -photbooox;duotiﬁre

Lot f‘f:i”-:{i L

S RS B _mphosrhors,w and~photoconductivemphosphormlmkawsystems e b P

B 5e Mod.xi‘icaﬁon of the base phosphor to improve the degree oi‘ )
.\'photoconductivi“byo - ‘ E

6g P::eparat:ion of imcomplete phosphors,

7, mi:bia’nion of exposure from the point. of v;i.esw of i‘illed
electron traps rather than empty traps , the process being termsd "reversal”
in this Feport s ' -

8o The czetermination of the shape of the charging curves of ‘the
“ho.toc'ond,uotlve: 'ph;osphor under a variety of light conditions using triggered
_ aweep osci,llog;'aphic techniques., ’ ' .I | |
Pe Developmen'és of techniques for preparing plates by high speed
‘loo Tbe analy‘tical determinat .on that the photographic speed of &
phosphor was 1proportional to- the <cadnﬂ.mn sulfide contente

1k, The finding that interstitial impurities such as copper are

~ noré important i‘or developmg photoconductivity than substitutional impurit 68

124 met"fmmtrlc measurement: identify inherent defects present
in the light and. dark decay curves when compay ed mth selenium plates,'

13e Sensitometrlc data 1ur‘bner su‘ostan‘tiate the low spead of
'phosphor type platesa | | .

i Cadms_um sulfide photoconduc+1ve systems and modif:.ca‘tfo 119

15, fn exhaustive *bheoret:.cal irxvestigatn.on for dnf::.ning msmy of

the findings of -e:cper;’cn;_ental endeavor, The theoretical mvestigatn.on c'ont,a;:ns

soms hints with respeect to :improvemeni; of th_o photographic properties of the

phcsphomllke, sys ’bsmé 5
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Photoconducti‘ve Cell I)esigﬂ_‘n ﬁ.fter consmderable experimenta'bions

a cell design of high sens:.tiv:.ty was evolved The front qurface of ‘bhe _
mstel backed pho gphor pla'te was f:l.“bt.ed with a s:.lver screen having ronghly
10 nasghes ’so the inch and +*- r‘onductlng 11nes were abou'b one m:s.llimter in
mdtho Ths. total exposed cell area ig 3 sqo ino The silver electirodes:
were mde throug‘n use of a Dul’ont smle;gee s:.lver applied as a paint %o a
gilk .s,crega;n,q.\. This mebthod qi‘ cell preparation ha,-s- the advantage that the
resin bonded éilvér 18 viscous and -c':ons\eme.n’r,ly, dogs not peretraté .ai":mizm’ce,,‘
hOIGb In this way, the ‘8hor-‘5§~ing :dafac%i‘éncmmtéred: in other methods of
preparation such as .eva,pcratlon is generally ‘n:ypasse,d0

Considerably larger changes in capaclty and photoconductlvity were
:q.vailabie from this design’ 1nd1c_:a_t1ng “l;,ha;t the cell was roughly 20 times
as sensitj:v'e':és i;he.— degign ;iesérﬂ;bed :ﬁ;"or the same dey:f;ce- in the Second
Quarterly Report, o o

Zechnique of Veasurement, and Tluninations Two general methods

of measurement and ill’umina'l;ioi;r ‘Weré'uéédo ‘The first is the same as that
previousiy es‘tablished.s namely, the specimen was first Q?;.len;f'hed, :,_n in‘f’ra‘a’vz‘reﬂ,‘;
t‘le'-z placed in darkness, 3 and. finally e:'x:poséd- ‘bc light, Capacit étive' and
photoco*zductlve data were taken in each CABE o, -Unde.j_;.' these éondi-bjg.onsa -
value of phatoconduct:nre current, of the order of 1 to ']_'e x 107° amperes is
cbtained on steady illumination. In the second me”chod of mepasurement, the

vol‘ﬁage isﬁ.ma:‘i'ntained agcross the pho'be»conductor and Whlle in this condition,

the photoconductor is flooded with bright 13.ghw‘3 and wh::.le the current is still

{ ' on, the light is uhut off and the specimen kept in darkness. :ai"ser this, the
" ' HESTRICTED
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durrent is reversed and the surface agaizi exposed to light, T.‘iizd‘e:‘é these

condly uigns', & *‘harp*pulse ci’ photoccnductiva currmn’tr i° mhiba.t 4 by the - -

_ davice in a reverse direc‘clon to that crig:mally shovm, Bt of a value

10 tc 100 'himes greater than the curren'b flrst obtained° This behavior can

be repeated indefinitely ii‘ the same rot.ata.on of treatment is o‘z:»sarvedS and

,operates from the poa.nt of view of lnitiat.mg exposure mth i‘_..led electron
, t,raps rather ﬁhan smp byo The photocurrent is 1n the form o:f.' & sharp tirme

pulse of dur,ation such that 33 is obv:u.ous tha’o ordinary meters cannot follcw

piomm 7

Amou:a‘b of. Binderé- The amount oi‘ silicone ’bondin.g vesin was varied

£rom 50% by volume to S% by velumee 'ﬂ:e thickness oi‘ a particular phosphor:

WaS. varied through the uge of doctor kzmres a‘b a bn.nder content of 25%,

Plate Pre .ra‘cion -Usm g Spin—on meshnique* The ear,Ly pla,tes were

made by flooding on a suspension of’ phosphor in a Dow COrning Noe 996 resi.n
diggolved in Solvesso 150., ‘Wiﬂbh :such -techniques.g it wag disz-icult to. control.
the thxc&mess of the plate from specimen to spacim,en and only rel. ativel,{
thick Qla-“bes Ic_:glg';_lr;l- be =made-.-9 m the spine»on techmque » the brass plaﬁe ussd
as the backing Was fastensd to a Yotating table sich that the goometrical

center of the plate was co:.ncident wi’c:n the cen-t.er of the rotating tableo

A measured amount of phOSphor dispersion was heaped on this geome'brical

center and the table startea Spinni‘ng,,' The speed was gradually increased:
until the phosphor had spread uniformly over the surface of ihs .Hl be a.i‘ter
which the speed was :L-ncre.as.e@ % a maxivom oi.-‘, rough?ly 1000 revolutions per |
minute o TVith this techniquey plates having a unifcfm thicknéss of ,s,an'sif&ve'

surface of 0,00L" or less could be made readilly in duplicable fashion,
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Using ‘hhe cell deacrxbed in 'hhis q,uartarly
- repord, infomation 2z 1o ups t;al B2 mi i.vi"hy and m.nae was ta:'..nad aud .’;:'_{; = "
recorded for most of the phosphors using a Beclanan Model B spec‘brophotometerq

In digcussing thée data on spec’oral gensibivity, it should 'be remembered :
that the light sources from the Beckman sensltometer préduces mora energy

in the longer wavelengbhs than in 'the shor’oer wavelengths 80 thai'. if a .
particular phosphor peqks in the v:i.olet, an 1nhex~ent1y high value cf response

nay be éxpacted from a photographic poin‘h of view.

=

%c_atmm_et;ie. M_easx‘z_;:gme‘r;pg.;z The rate of decay of charge l_mder a
variety of eiec?c-i:'j.cél- -cOnﬁ‘itﬁ,oné and using vgmous types of plaj:.es. l‘e_va_s ’
measwred using a Tinderman-Ryerson Hlectrometer, Data covering both the
normal and m'iersal 'ﬁypéjS'-vqf 'iu-umina._tﬁm and ufider differenﬁ charging
conditions were takene - |

In the case of regular curves designated as normal exposures the
Plates were first exposed to the infva-ped lamp for 30 seconds, They wers
then charged and allowed to -d‘ecay' in the ight or in the dark as the cage
might be, In all .experimézits‘ molving light decay, the 1ight sou:x"ce' "as
the sensitomtric lamp burning at & color temparature of 2360% aelvin and

an approxix_nate, intensity of l.5 meter candles,

~ The rewzewse-‘c'harging technidue was a8 followss

4

1e Infra=ved for 30 seconds.,

2. Place plate under charging grid in-the d.ark
and apply the charging voltage,

Je Tlluminate with white light (f;hese are :
fluorescent lamps. of about 15° foot candles
intensity) for 38 seconds., Turn off lights,

lic Charge plate with reverse polarity _1n normal fashion,

A%28
¢

Allow the plate to decay in light or dark,

‘HORIZONS INGCORPORATED mgé
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=10 = C EEEEm
&énsiit gz‘ 8 The apeed of various pla’aes was measured with a

-ghep sechor 'L:;@e .,i' snnsmsowte ~ Phcaphor, 8% 1%:: ha de*, anu sele-dum

piates_were meas ured i-n this way and t:ox‘ﬁpa"redo. '

Tm 'ered IOsclllographic Techm.guesw A g amplifier comparable

to the type normally ava.:lable 111 a mcroamneter Was constmcted and, buil‘b

ujp 1nto a ¢ireuit mvolv:v.ng the pﬁo oommctive céll, and an oscilloscope ,

, ha,ving a frequency of response in the range of 300,000 mverso secondsg The

oscilloscope wWas placed in the r'ircuii; in such a way that the triggered sweep
would o,pe_zjate and be. nitiated -'by the onset of the iilumination of the ,p&;otw

co‘ﬁd\'ic%;or-o A long persistence scPsen haifﬁw. a persistence value of Joo

e T
e

traoed directly from the face of the ca'bhode ray tubdg.

The major difficulty in use of this technique was the devising of

a prope? lighting system of nature such “hat, the wise td.ms of the illwmination

Ay be considered minor zze‘fta.mv,e to the rise time -of the photoconductive

effect in the phosphor systems. The solution £inally srrived at was the use

"of ‘a high speed'camez"a and lens system., The camsra used was & aeis«-]lkm,

Maximay Model hamng 2 Compur bhut'ber with an :Indicated spsed oi‘ 250

inverse secondso For the types of measuremen’c.'s takens the open tn.me oif.“ ‘the
sn"‘aﬁcr is 6oL .,.mpcrtan"bg but the rise and close ’tlms of the shutter is.

The illumination arrangement used ixivolved placing the oamera, over a
snielded box containing the photoconductive cell with the shutter closel,
then burning ovx a strong 11ght g~ that the Lght was focused m a por‘c.lon of
‘the photocrnductive cell by the camsra lens vwhen the. shutter was opened., The
entire elescirical sysbem was thoroughly shislded %0 prevent AC pickup, the
shielding being copper screening. ‘The cathode ray tube was calibrated. ‘éo

MOR!Z_OHG IRCORPORATED

Mrﬂﬂ‘ﬂ"‘

a5 e e e v B4 e s Dot A e T Tt S kSt e | w e e s wr e em e e el g e WP T R, T S g R W e ety | ) TR et 3 TR RTees ) WG I g G it T medy SN ML, WY e e

P



“nnat. each homzopta.l Oo'l" was equ:.vail,ept to 120 inverss ‘geconds and ‘bhe
'*"“"‘“"““”‘f‘““_“““’v“arolcél‘“‘s"esle’éféallma\,ed HO T eaen 2" on “’uhe ma.x.:.mﬁm amplif:.camon o
range of the oscilloscope wag equ:walent to 1x 10 =8 ax'xmeres, Current
svesps of severc.i andred‘ mches wers possiblm _
4 The ac'c:.,on of ’ohe shutter was checked through use of & gas filled
photocell having a i‘requency of response grea,ter t.han 100 inverse seconda.
The mathod, of procedure in measmmng current versus time curves
of Ii';h,e‘ various. pho{;phors is as ;‘ol;o?rss The camera is renoved i-‘zﬁ‘om- the
face of the ;shi;:eided box containing ‘bhe photoconductor and the photoconductor
wa3 quenched in the infra-red vci.ighoizt. the application of voltage, While sill
-exﬁqsedx 'bp infra=pred, the ,ﬁhorbdconductbr' waa'p"lac_ed in the fhc‘lde‘r and the
'caln';exa- positioned in proper place over the cell, f‘b,r'tya-five- volts are then
applied to the pho?ﬁoé:;ell in a dirsction through the £ilm, ‘The light i=
turned on and after a period of 10 to 15 seconds, the shutter is then
actuated on a fixed time period, Triggering is =accamp;tishéd by simltaneo;m
c'onnections:l to the shﬁti;er'axﬁ' scopss The synchroniaation obbained was
better than 1 miili;se;cohd, The curve traced on the scope ob“bained in $his
mg.xme,r; is designated -é;.s the "normald curve", After this normal cuxve was
traced, the caméra, :.s again removed from on top ti;,e. photocell and the voltage
is still maintained in the original direction. The cell is flooded with
strong J,i_gh't) for about a minuté, The light is tnrned off and the béffaefyr
leads sye reversed, The camera is placed in position and the cell i'.s ag,,a.i;ix._
1 1aminated as bei’o?eo, In this case, a sharp pulse of current is Aobtémezd
in the opposite direction which is considerably greater in magnitude than
the original normal current., This sharp pulse cbtained after flooding with
white light is termed the "reversed current".
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It should be emphasized that the procedure Just descrited must

be designated asg q,uall'bative aince the Hah* sources used did not i‘ﬂl 'thex "

»;s_.»M...A........\ @ A TR B T LD SRS e RTEAC R, i

a.perta:.re of the 1ens with the result that less thah 1/5th of the available

surface of the photoconductor was illumnated, Tinie was not ava:ilable for

building a rigid sys’cem .mcluding 111um1nation such that the -en uire, surf’aee -

of the photocell could be treated with hgh't in a perfectly uni.form manner
over the enbire surface. It 18 important to Hote, the've'i', that. .eve‘n 'though
qualitative; the procedure provided useful informatiom,

The pesultd indicate the rise bime of charge of ‘the phosphor, the

nature of the behavior of the charge on illuminition, and aleq provids some

idea of speed by determination of arvea under ihe charge-time curves. Tio
shutter opénings were used during the ¢ourse of the ﬁorl’c;,_ the first being
200 dnverse seconds and the second being 5 inverse ssconds. The £u11 rige
time to saturation of all 'the ~phqspho;:$ seldom exceeds a value of 120 to
150 inverse segonds and for the most part is of the order of 15 to 60, For
thl s reason, the data obtained with a shubter speed of 5 inverse seconds
" is of more value thai that develOped with & shu.t‘ter speed of 200 imrerse

sacords.,

Be PREPARA‘I‘ION OF MATERIAL

In gite of broad variations of expemmental techniqw, speed
measurements have shown that even the best of 'bh_e conmigreially avaﬂ:abi!:e"
phosphors are very slow dev:;.ces from a photographw poin't of view when used
in -e;l.ecis_x-ographyo For this reason, J.'b was recognized tha‘b phogphor ‘bype ‘
materials and other photoconductive systems would have to be -synthasj;-zed in

the laboratory or presently -availa‘élé phosphors would have to be go modified
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as to :};«nrvao;«re‘ their photoconductive prépsri',i,es; Experiments were thua:

BPSEE mitn.ated in.synthesis..and. modification. of;mphbs‘p‘abrs.e,l UV PU L W= SO

5
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The phcssphor ma.nui‘actunng process 13 known to be 8 high.‘]ly

.

. ";

¢

dellcate process wh_gch noymally d¢an be camed oub or.ly in exceptiondlly .
clean 1§boratoriea-. Prelinﬁ.naxjy tegts on the doping of _chemically pure
zinc si:l-fide: estaﬁlish' the. i'act th_ét- a geod .grade of 1@1&65@6&'& phosphors
could be made ’:.?;-‘z;; our laboratories and that doping resulta could ba coﬁnted,
Synthesis i‘}hvis praceeded in -’c’h‘ése directionss
l. Andlysis of eﬁ.-stj;ng_, phosphor type. _photncoﬂduetivje‘. -sys_'t;:e‘xjm_g‘ | r
for purposes of correlation of 'compési"c,iOn. with photograpiiic properties,
2 Modification of commercially available phosphors and phosphor

’Sase- matérials through dc:p’i_ng- procadures. . . I

e

30 Prepara’clon »f incomplete phosphors or photoconduct‘..ve systems

lie Treatment of cadmium sulfide in order t6 provide the best
vhoboéenductive propertiesd,,
The work was initiated by sub;jecting luminescent i‘:éee\ grades of

zinc ox:i.de and zinc sulfide to various treauments at varicus temperatures

and :'m various a_tmosphéres o. The purpose of thi:;'s work was to develop

rbechniqués. in pr.éparation for improvement of photoconductive propertiss..
_Za.nc oxide was caléined in ai rs in a sl:.gh‘l'ly redw.ma atmosphere, and in
hydrogen at temperatures varyirng from 1800°F up to 2600"1% z:x.,nc sulfide
was calcined in hitrogeén and in qu‘;droge‘n sulfide at temperatures vazyjhg _
from 1800° to 2600°F. These calcinations were carried out in glecrbrj.c;an;y :
" heated tube furnaces using zircon trays as the carrying nisd;i'.uh_, In the caseé h
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of zinc oxide calcined in air, these were @u'enehed i‘:réxﬁ tﬁhe» ‘hﬁp éa'lcinétion

Ve AR s AT ettt s - o s i 0 W

‘bempera‘tureo “In"the case of zinc suifide fired .Ln apeciaiized e.tmosphere's, |
these ‘were ecoled *’c.o room temperaturs af.'ter calcination while still ma:mta:ming
the speciglized atmospheres. . |

The products yesulting from "ﬂleée vé:ridué- calcinatlons Wérg bak«ad
onto brass p].a:bes and the pho‘hoconductive properties zmeasuredo - _

The base materials used in the doping exparizzaents Were of three
geneval typess (a) luminescent free pure zinc suli‘ide . ‘

(b) commercial cadmiuiy sulfide of indeterminate compos:.tv.on
{e) phOSphor No, 2225, ’ | _ | _

In the first group of dopifig experiments, copper chioride was
used as the purity agentjand in the second grcup;-" silver nitrate wat 1‘;he
sctivating impurity. Two solutions were prépared in distilled water; éne
soluticn havixig a concentration of either one milligram of coﬁj‘)er ;':hloride-
p'si:' ce of water or one milligram of s:,lver nitra'be per «cc of water and hhe
gecond having a concentration of 0.,1 m:.lhgrams of the 'ceSpective reagent- per
ce of water, Adequaté mixing of this amount of doping agent was ssur@d by
i‘irst,pzrépa(ring a Pairly thick but easily stirable slurzy of the base
suif;ide- ingradient in water. The waij,er was firat placed in a ‘pc',;’r_'cela;'qn
evaporating dish and -t&_:é, designated amount of .Qgping _‘a;gan-h added and
stirred in. To this extremsly dilute sélu‘bibn, of doping ,aggn.‘c} s @ i@éSigﬁated '
amount of the va;;riéns silfide materials was added and ‘the sln;{rj.ébtain_ed
was stirred thoroughlya The sluryy was then -evaporé..t'ed ré.pidﬂ;»y to diiyness N
in a clean drier, The dried cake was removed from the evaporat:.ng dish
and gromd genbtly in the glass mortar to :_E‘ur'bher J.nsure complete_ mxing, Ths
batch was then placed in a clean p'orc;alaiﬁ crucible and a cover placed on,
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Tn the first group of doping experimenta, ""!,;,he' ngj,bj;e- and conbents .l

we‘ré}ieai:ed at 4 ﬁbeinpérattﬁ?e‘-ﬁaf“'g‘G"uﬁCL“?fdr bﬁé“h“ﬁlﬁo i "“"ih"iv ncwuud BEOUE oy i

<

doping expemmnts s 91X grams of sodium chloride was addecl per 100 grams. of

base mix and the batch was. then heated i'or one hour at 980"8 in an at.mosphere ‘

of nit.rog.e.na_ After the heat breatment, the i,‘umace. was -gooled as rapidly

as possible to 600°C and he prepared msterial was removed from the furnacs

and qx;énchéd in air. The contents of the ¢rucible were leached with distilled

water and washed -f,hdrOughiy on the filter to rémove all sbd‘:ium chloride,
The filter cake was dried and the pcwdar resulting wag presented to the
Physica Laboratory for preparation: oi‘ photoconductive plat.esso These doping

experimsnts we,re.- effective in that in some cases sh improvement in the

| photocoh&ugtiw activity of the originsl materidl was obtained,

The. infererces firom the experimental dats are that in all probability

relatively pure cadmium sulfide is the best material thus far found for the

' purposes of this project, Sanples of ai:g;egedly pure cadmium sulfide have

been cbtained from the Baker Chemical Co. » tke Ferro Bnamel Gorpe, the Harstaw
Chemical Cop, and Fisher Scientific, In adr.htion, by special arrangement, '
substan'bial quantities of luninesc¢ence pure cadm.uun su...i'lde of unactivated
"bype has bsen obtained i‘rom the RCA Mami‘acturlng Co. and from the Sy'!vamax
Elestric Products, Inc, Furthez; a sample of silver activated cadmium sulfide
hag als_o baen Ilnvestggatedq L‘ln*a«pure zing selem_de has been 1ncluded in

the program.

Cons:.derable dlff:z.cul'oy had beet experienced in obtaimng ‘the

. proper purity cadmium sulfide for ‘ohe purposes of this projectand it is

only recently that this grade of chamcal hag been placed in experimental
treatment,. In view of the delay that was anticipated, work was irnitiated
RESTRICTED
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in preparatién of Juminéscence pure cadmium sulfide thpough use of the
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" Leverenz Wgeidi 1 process, Since the lumlnescence free cadmmn sulfide isg

now a.va.._la Le ,&c ug; ’@hese attempts at .sgnthsglm.ng) chemically pure cadnr}.mn .

. suli‘ide have cmsed.,

E’odif’icatlon of the cadmium sulf:.de for photsconductive purposea

has i_'@llo&ved. many J;iﬁe's-, In those cases where cadmium -su:lfid‘e of pur"portad;y

pure grade was used 25 ‘the base material, 'bhn.s grade was almys the Harshaw

"typé material, We have found recently by spectrographlc analysm that this

type of gadmium sulfide is arxybhmg but pure for the erposes of this
project, The cadmium aulf:.de was treated as ~described previously by doping
with (‘opper and s:llver.3 In addition, cadxm.um mstal codted brass plates were:
dipped and soaked in molten sulfm' for periods up to two hours, Any excess
sulfuy rem,a,imﬂg on the film was dissolved off with cdrbon disuli‘ide, In '

r‘é.nother' group- of experi;nsnts s 0% sodium suilfide wis added to molten sulfur

angt theé d:x.ppfmg expemmsn’os Just described were repeateda Further, a. 50,{
solution of sodium sulfide wa.s made upe, JFPlates of cadmium coated b;r‘ass
were boiled in the solu-’smn for peri'ods. 'oi" 30 minutes up %o six hours. Next

plates cons:.stlng of cadmwn coated 'brass were heated :Ln hydrogen eu]xfide,

Since cadm:mm melts at 320°C, it was fowrrd necassary to kesp the ’Gempera:bure

' the hydrogen sulfide, cadmium coated stairless steel plates made by evaporative

' techniques were used. Cadmiun sulfide was formed but a completely satisfactory

below this and a tempe,raimne of 250°C was :,Eound to be the bes,i:g range for

formation of a film of cadmium sulfide. Since brass was sharply affected by

£ilm was not obtained, in that pinholes always showed up. The amount of the
deposited cadmium sui_fide is determined by the .th:’,.-c;lnie.ss cf the evaporated
coat of cadmium on the base material, The best filnm was obtained by
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trea.tmonb at 250°C for fowr hours us:.ng a hydrogén suli‘n.de gas flow o:t‘
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Cadmium sulf:.de plates were made by evaporation oi‘ cadzxﬂ.um suhide | ‘

onto brass, Though clear 'bransparen'b i‘ilms were obtained by this techmque,,,_ |

the résistance was too low for such f:.lms o taxce a charge,.

Tn view of the present availability of luminescence free cadmium

sulfide, the majo'x'!'e,i-'ﬂo_rt is being based on sucli material and éoine of ﬂzhe-'

éa'zilier experiments will be repsated. In addi’o:.on, a method for .IOI'mlI?tg
cadmiwn gulfide 1nvolving électrolysis is being examined,

Obher Photoconductorss’ Iead sulfide is Imown to be & powerful

photoconductor and in earlier reports 4 methed was described for «chemieai-
deposition of lead sulfide tlirough the medium of mixing 165(_1 -Saltﬂ,,,' thiourea,
and caustic, The deposj.ted mirrors were found not Lo be effective _,fbr-
aleqtroé?aphy purposgs since their resistance was too low; Congequently,
such lead sulfides surfices were :spb:jected-' o a varia-t;y of heat treatments
in an atbenpt to réa‘.ise the resistance to a suitable value., The end to end
resistance of an untreated .ieé.d sulfide film deposited for a period of 16

minutes using ‘Lho concentration of Lgredients 1listed in prevxous reports

wasg of the order of 033 % 10° ohms, The variocus treatments o which lead

sulf::.de was sub.jec’cod werd the followings bheating in air at temperatures )

up to 500°G for per:x.ods of half an hour, heating in hydrogen up to temperatures

of 500°C for per;&@s. of one hour, in nitrogen up to 500°C for periods of
one hour, in hydrogen sulfide up to 750°C for one hour, in carbon dicxide
up to 750°C for one hour, in comﬁinaiiions of carbon bisulfide and sulfur,
in combinations of carbon bisulfide ard GO, Of al‘.!L these treatments 9
treatment of nitrogen at 300°C and hydrogon at the same temperature for
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. N ptg:c}od’s oi‘ about one hour was the most effectix're s values of the -order o:£‘ | . i
‘%‘“W'MwMﬂ&mmf?‘ﬁg §§“§:0J?‘6"hmr§ ‘being obtaitied, This waiue of" resistance is st:.ll nc'b S %
sui‘ficie'rb for electrographic purposes and in view of t"he 1mportance of f
‘ot.he;r photoconduct:.ve systems, thege expe-ra.ments -ham TOW .been ~a§aandoned~§ ,
. Germanium and silicon were evaporated on brass using vdcuum 7 g
evaporation techniques. The purpose in usmg these materials is the i‘act 'i
that both substances are known to be phototonductors and when -%ppligzd,...’qy;(, : ’
evaporation techniques, ’ﬁhey‘ are resistors. However, even when app;iigct x:
relati‘veiy thickly., the -resﬁ.-srb@pt:e wasg found ft;o be too low for -élgcprogpaphid (‘
purpoges, Agzain in view of the promiseé exhibited by cadmiuiy sulfide; “bhi-gz '
experimental approach is being -a‘bandoned_e.- ‘
| | An intri;guing phosphor system is now being investigated. ‘I‘his
’ involves the insertion of colloiddl silver into a glaSg ’sys?tem.; _ The msthod
; : is as follows: A soft glass thin walled receptacle is provided as. a dia,phrag;ﬁ
f in a two part electrolytic cell using .ituéqd sal’o eleqtroﬂ.yfbas@.' Thecathoda '
: cémpartment consists of =a nickel cathode and a fused baith‘comprj;se'd. of 56 I
- parts of potassium nitrafe an_d‘ Ll parts of sodlum ni-tri‘t,e;., The. ya_tx:ode;« |
compartment consists of s:.lver nitrate ysing graphn.te as the unattackable E
eIl.ts:«':'l;:c-ode6 Tlectrolysis is carmed out at 35()"0 at which all of the salts l
1 are Ithin,‘ liquids, -@;rre_n-t,s of the order of 20 to 4O vol'bs are used and 'the
2 _e.leé*trqu’ais is continue'd i'.-o:c-" periods o;‘ one to three houz‘so Gui:'re.r;t_s of '
! | the order of magnitude of 2 to 10 milliamperes éﬁe developed. Under "‘bh’e?s‘e- :
§ conditions, small amounts of colloidal silver are denosi:t,ed in the glass .
! stracture itself and after cool:.ug and wash:.r\gs the arsas of silver deposit;ton '
3 are found to f;l.{z'ox‘esce strongly when expogsed to ultra-viclet light. The
i ( purpose of examination of this system is the fact that its dark resistance
i | is exceptionally high, | m
| oo wemronrs ()
i
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““"“‘T"‘:‘;“’I"‘*“‘_"““‘f"““ e - The-ggact ma..ceup -of- ~hhe~«vameusmphospher\ ‘used- dx- thls projﬁc*‘ «andm —

‘a8 obt.ained from conmercial suppliers 13 rot ava:.lable, .'In view of the )
:importance of the nature and type of :meumtv in the phosphor mth respect

to 1ta photoconduchive propertles, and the desire to determine ohe efi‘ect of
variat.wn in base composita.on, some of the phosphors were analyzed chemically ﬁ
to determine at least qualitat:,vely the nature oi‘ f,he 1mpurities a‘zd some
indicatmn of their amountoy Wh:.le the: mformation obtained may be used onjy
for hypotheuls purpcses gince ~s’3‘ts’€aema*¢if‘c Y.rié,-;a,:i;-,ns arg not expacted in these
phosphars s.atb least. trends may be shown and these trend’s- nay 'b'e checked 'by
synthes:;.s. The general proceduré used was to d:.ssolve the sulfide phosphor

in diJute nltr:u.c acid and boil until all odor of hydrogen sulfide was
a;'Li_n_!inaﬁjedo The presence of silver wag determined after the dijution through
the addit:l;_onto_i‘ 'hydrqchlor:rc a.cldo, The presence of copper was detérmined by
the _adqit_ién of an excess of ammonia, filterihg, and ekamining ths depth of blue
'coii'oi' which dénzeiope’;i.o The presence of manganese was determined by evabqrat;‘cné _
a portion of the nitrate solution of phosphor to drymess »> then adding sodium
bismnthate and -rllit_ric acid and he a_.t:_i_.’ng in, order %o dewvelop the .perxfiang‘ana‘l;,e |
_color. The ;‘elative amount of cadmium was detgarminéd by inépection since

this additive deposited a distinct yellow color té the ,phosphor,_, V;Sp,e‘ctrgg-:palphic;
analysis of the #ario@s- materials used in this project s now in g')rhqlgress, and
‘soms of "éi-xe braiiminary data represent a verification of the wet method of

chemical analysis.,

RESULTS AND DISCUSSTON -

‘The experimental data obtained are summarized in the tables and

figures attachsd, o
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. 7 The mosi; important result is the finding that the overall ,,spe“éd’ of g
) e
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an electrophotograﬁlnc* plate made {rom photoconductive’ nhosphors is extremly
‘1ow in splte of broad varlatlons i plate preparatlon ’bec:hnloj.uq9 ‘bypes and ‘

k3
b

” A,nature of 1llumina‘oiono These low speeds have been checked by electrical
| measurements, sens:n.‘bomtmcally, by comparison w:.th seleniiim plates of lmom
speed, and subgtantiated by measurement of dacay curves in both hgh‘b and darko‘
A"‘I'he epeed factor obta.zned is in the ne:.ghborhood of 1ASA oy 1ess and is. o p
| pgugmy 1/30;,’911 of a properly made ‘selentun plate, The charge fdeqay émes . s
; indlcate a phenomenclogical reason for this broad disparity in speeds. 'U#cléx;
| illumination conditions, the charge on a selenium plate decays rapidiy to
Zero. ﬁhé'reas in the case of the phosphor plate, the charge decays i'?aizf'ij?‘
rap:.dly but to a value considerably above ground and mainiains this partially
rcharged condlt.ion indefimtely even on conbinued illumination. The ‘oheqmtical

¢ treatment provides at 1east a portion of the reason for the dlfferences shmm@ ‘

The ma'aority of ‘ohe phosphors exhibit a rather sharp increase in dielectyic i
i
{

constant on Iliumination which may or may not be a long tlma phenomanon, !l?hﬁ;a
tbhe, ability of the system to ho’ld a-charge is actually ;\:nca?e,asgd under :Such

" conditions, If any device is placed in the mschanism Whl(!h Apﬁvides for
leakage of ’ohe charge into the base planbe s the theory indicates tha’o thosge
phosphors wh:r.ch have the 1arges+ photoconductlva change accompanied by the
smalles’b capacita’oz.ve change will be the most rapid from a photographic point |
of view, ’l‘hozigh‘ complete photographic measurements on this type of sy=mtem |

' ha‘v,é nqtfrbeen. inclﬁded' as yet in this reporty, some of the do,ping e_;;céeriﬁeﬁts}
have been successful in apéroéching this sort of system. | N

An adverse effect of increase of dielsctric constant is shown

very clearly in Figure 2 in which current versus time characteristics of

o~
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phogphor No. 2225 is measured oscillographically. On illumination, the

- o b

e "*““’“"'“”-'czﬁ:rf-"z‘«'azl"éf*Eaﬁi‘-}f.’i’zlg‘“-‘czldiﬁa‘ci% ol uha““ﬁho%conauc tive™ sysnem» J.ncreases or converss.!.y
the resmtance (ii.,ec,re.as,ea° This effect is exhibited in the ve"y early portions
' -of e;p 0JUTe. Almost :.mnedlately the reverse situation makes itself evmden‘h

and the overall phqtpcm@uc.mve-'actmity of the system decreages-,. This ,;5. : .

i
obviously dué to an increase in the dielectric constamt. of thé,phésphér ?éé_ %
it is evident that,either means will have to be established for éiiﬁinaﬁiééi"; | E
of this dielectric constant change,or,a type of illumination and en?ﬁOS\ire will
. hav"el to be used which bypasses this effect. Examination of such pcj:ési-bifa;it_‘:ieg ‘
are nqw in progress. . o o Y
The thinver the phgsphor type of electrograph:xc plate a;gd ‘bhe J.e:sa ’
"ohe amount oi' binder, the gresher the spsed, These indic.a-tigns: ;ha.v:e be;es,n_ o
Gbtained previously from both sensitomebric and-electricai data and have ﬁow ;
¢ ‘been. chécl’ged by méasupement of light and dark decéy ratés, in which the i
edn.:t‘ferences between these two rates are in accord with the conclusione '
' prevmusly drawne -
It is significant that the dark decay itates"ar.e not much -_a?ff,*e.ctadf

by either thickness or variation in binder coptent and the major efi‘ecu l'
N take-s_;i;::;;ﬁe_ ;1ature of the light decay curves, At firgt glance, the

effect appears to be due to the increase in po‘ben‘bla.l. differenve which may be

e-xpecteed as the result of the reduction in thickmess. ‘-rhis.l doés r;ot,

h‘owé%er@‘ appear to be the entire story for the reason that apparent trap

depth, apparent ligthk ratios, and oversll improw’ze‘menjb of the values

from light to dark 'dev'elo;p as the re.guit of the reldi;c.ti;pn-' in thickness,

There are several possibilities which might expiain the effac:‘b,s obtainede

One logical conclusion is the assumption that the thinner the plate, tha
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:‘izoré ei"fe‘ctively i—s_ ﬁhé inci&en.t light usec and in the last analysis, the

_tj./,.. e L a Ay e

' thicker the pla.te the more probable is the existence of 2 retrapping

,increase 1-‘ photographic eﬁecﬁ”iveness is the requl'b of 'hhe ’ﬁé?égéé 'S;ff thg
‘ .‘usa of the llght rather than the increase in po*bential dii‘i'erence or othﬁr

B electrical factorso In addition, ‘the possi bility algo exists ’cha.t the

phenomenon wh:.ch in effec’o nullifles the leakage of électrons irto ‘bhe

- -completely emptied by exposure 't.o infra-red IL:’Lgl'x’u° ‘Thersafter on J.llumina’uion,-

"base pl‘a.‘tseo -‘Jnder normal cond—:i:b:.ons -of emosure " the traps ave i_‘j.x!s'l}'

the traps in the first layer of phosphors become f£illed, However, if i‘h:r.s

i‘irst layer of phosphor is a considerable distance away from the bage p‘;!:ate_,

© the possibility exists that successive layers of phosphors may have their
| ‘traps filled by robbing the trapped electroms from the first layer and uﬁﬁ'er

such conditions, the iight.' decay rate would be a slow process. Finally,

‘ layers oi‘ pot‘ent:};al barriers would be Set up and the overall effect would be

| roughly ‘the sarnie ag that predicted by the experimental portions of this

’ reports namelys that a high residual charge would remain in the body of the

phosphor f4lm which had no means for 1eak:i.ng off through t¢ base plarbe,g.
In any event, it is dei‘inite. that the major item in technique with

respeét to preparation of plates useful for increasing the speed may be

(;;b.t_ained' ’chrouéh_ feducing the thickness to the Ieast practical value.

I_ "The gpectral gengitivity data indicate ‘that iLhe region oi‘m&:u.mnn . ‘
s,ans‘i'tivity or peak ‘%ralue of change in -eleétric characteristics is on the
Shor't wavelsangth mide! of ths| spectral tegion in shich the particular phésﬁﬁqr
axhibits visible luminescence, It appears that the rsgion of maxinmmrsensjiu |
"%»;’Lvi‘ty of most of the commercially available phosphors is in the violet or in
the ultre~violet and if light condiiions of this type are used, _phosphor's
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normally rated as poor from the point of view gi‘ speed Show to better advantage.

~

desirable for the puiposes of thls project but i'l'. ig equally 1n@or'bant "ho

realize that most of the phosphors being examined have been used in spectral

'ranges at a: vonsiderable d:.stapce awdy from their region of maximu sensitivit'y

from the point of view of waveleng‘th -of illumi-na’olono A case- in poi-nt 1s t‘-he

foli'dw'ing exa‘xﬁpie‘o; Us:mg previously descra.bea Wb.:.te 11ght sources. 3 'ohosphor

Ho. 150h was found 4o be less sensitivé and slower bthan phosphor No. 2225;,.
;lrslng an ultrg—violeh light so.urc@«? phosphor No, 156k was .f.ou;xi %0 be
éeverai times faster than phoésphor 'No-«f..r_2'2»_25 = It -éhcui,d ‘be noted here that
methods for éhifting the sp_écfi;ral sensfutivipy_ of phosphors are 'lnio‘éml-an{d,

once a. ;system, having a speed at least comparable to that of selenium is

‘.zlf‘-bund@, then the meane for ghifting such sensitivity ranges will be investigated.

The various e_i_ec.tri%cé.l cglaﬁa have established the $ivgnificanca and;
need for ,:i;;nfra-ﬁrad quénching or trap eémptying., Generally .speélcﬁ,ng most of
the phosphors reached equilibrium under exposure to strong infra-red lamp
in a few seconds, but in isolated 'cages« times extending up to .severai ‘
hours were required., The various feasureménts have showh dist:.nctly that if
the phOSphor is noi prev:_ously quénched in infra-red, the trap emptymg takes
place with extreme slowness ii. darkness and a 1083 oi‘ speed rosulis. For
exa.mple 9. 8 plate carmrlng :_-osphor No, 1304 as the sensitive surface wasg )
exposed to a gtrong lj.ght and %hen pla_c;efi in a cl,ark bo_x- sz_z;tably cqm;eci;aci-
to the é"a.pacitance bridge. The cap%cité.ﬁce' had not reached eguilibrium ZL
hours later and was still falling asymptotically to & minimum value. This
is generally ’c.rue of all of the phosphors, that is, once it is e}q:osed to
light and not subsequently quenched in infra=red light, the timre required to
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‘reach electrical. equilib“iufn in darkness 8 extremely lengthy—-the deeper the.

e e “‘c"aps the- a_opggr~—the t.,mea Howaven, even.if.the. 1ana~rei quenching. equili~

L e e e

r
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brium is reached very slowly, if the phosphor is first quenched :Ln mfra-'red,
}jhe time requ:\.red for the phosphor 'to reach equil:.brium from ‘an electrical
pomt of view after being placed in the dark box never exceeds a few mmu‘l‘.es,
The natu,re of the pulse measuremnts obtained through use. of ‘bhe’
triggered sweep osc:;_llographlc techm.ques are shmm in Figures 1 to 3
1nclus:.ve. In both ths nprmal and reverse methods oi' ehminatmon, the

ini'hial effact is in the form of 2 pulse of current whose magnitude almost

indicated: 'beﬁore., this: 'ciecay is 'be_l *‘ved to be due to the i"nc‘%ase in
dielectric constante In. view of {hs intenalty of the Mgkt beirig used,

the ei‘i"jecfh gt be of saturation order, The higher this initial pulse the
mg':‘ve. it@pid the decay for 'pha‘éphors- such as 2225 and to a lesaer extent the |
game is true of phosphor No. 150k From the peé.k of the -'culrlire » the current
flow decays for about l/leth to 1/20%th of a second and then starta to rise,
It is believed ’cha‘o thls Tise is not dua to the phosphor msell at all@ but
is more probably due to the closing action of the camera shu-‘bter-, that i;s;,;..
with the wide opening of the shutter, the shutter boﬁ.nces ohn éloging so
that the -efi’e.c—t is to reilluminate 'the- phosphor for a very brief period ‘
giving rise to the secondary pip shown on. the ‘«curv,es.,,

As has beén explained previ‘-ously, the normal curve is 3ccomp‘ii§f;e;d'
by illumination proceedings whic'hl.are :ﬁuni’qia’éed by electron trap Iei_np*bﬁng‘-‘ |
w_lﬁle the reverse curve is éccompiished by illumipétién prbceedinés. %hic,';h
is initiated by electron tréﬁ fi]li'ng‘ before exposure. In eve1;y case wh"ere(-
extreme care was taken so that positioning from normal to reverse of the‘-
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illuminaiion system was. eXach, jt,he i—«r_xii;ial 15},1_15,9 cn reversal is of the order *

B - 'of' 10* to 100 tmes '~g;t?a'ater fEh&r'r -that .obtaﬁ;ned“thpéugh' the -‘normal. '-mathdd of

| trap emp’cying 111umnat10no ' I
The ‘hriggered sweep technique also givc,s some 1nd1catm:on of t,he

rige time of the photoconduct;ve systemo If the hypthes:.s of adverse effect of
dielectric conotant change is warranteds an 1nd1cation 1s also given of the
"iae tlme of the increase of diélec¢tric constant. Of -all the various phogphors
tested, and under the. vara,:ous_, cgr;dj__tlons- 'i,nd;l.-cated-, the ris;e_ tines are of ﬁha..
same generdl. order of -magnitﬁdé and are in the range of 10O %o about. 'lG'b-'
invérse. seconds,, At most the varia'blon from phosphor ’c.o phosphot is not
greater than a factor of 2 to 3. This indicates that the giechanisn initiating
photoconduction in these types of ,phoSphors is probably Subs'-t.anfbially the

same from one type of phosphor to the other,

——

Tt is interesting to noté that the resulis obtained in such

experiments have been substantiated in a recent publication of the February

15, 1951 issue of Physical Review on the photoconductive characteristics of

e ama

thallium sulfide by Ao W. Ewald. BEwald used AC methods of 'eoca_z_ninati'on and

[ ]

| found rise times of the order of 10 to 20 m:.lliseconds and it may be pointed

- out 'th;t. his thallium sulfide films are extremely thin in comparison to the . ]
relative th:Lck phosphar i':les used in this case,

A sn,gnlflcant comparison may be drawn between the current-<time . _

curves measured osci.x.lographmally and the charge-time cu;wes measured ' N

electrometrically, In the first case, the phosphor ccnt:mues +o be subjec'bed

to a steady voltage during illumination and the photoconductive pro.perti,.es

decreaée after the development of the first pulse in spite of the steady

potential, In the second case, the surface of the insuiator is sprayed with

}
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electrons., On 111umnationn the charge uecz‘eases to some value above ground

It is obvious that the same: mecham.sm whi; ch prevents ’obe ma_ntenaxace of the

hlgh 1n1ual cha.rge in the pulse experlments is operating :ln the second case,

Thig prevents the charge from decaying to zero and it appears reasonably

.evidev'F that thn.s mechanism is 'bhe increasé in dn.electmc constant which

’oakes place on illuminat:.on. The same general result., are ob'ba:med froxm

~ the 11ght degay curves and from the pulse currents on steady 111um1na’c.10n
as modified by the decrease of the amount of binder and theé thiclmess oi‘ the

fildm, Thi'a again 1ea,d§ te the igevﬁi&;ablez conclusion that in order %o make

phosphor type rsysﬁeme effective for photogrephic ,p'urpose.s',' elther better
photoconduct:.ve mechaniems are required than are. ava:.lable in comercial
phosphors or me‘bhods of 11lumination and charglng will have to be sharply
modifieds, '

At i‘irs’c. glances J'b would appear that the reversal method of
illununat:r.on may be expected to be more suitable from an el éctrographic
point of view than theé normal method and it has been suggested previously
that this reversal or trép i‘illing will be effective only if light flooding
ta.kes place while the plate is being charged° However, investigation of the

charge décay prepertles in both 1light and dark using ‘the reversal method of

illumination show that at least for the present, not %co mich can be expected

from this finding. The light decay ratesare considerzbly improved or that

is light decay takes place at a fastepr rate and to 4 greater extent nsing the '

reversal me“!;hcd of iﬁ,ﬁ:ﬁminaticn, but unfortunately ths dark decay rates also
n.ncrease so that the overa'.u_ 1ncrease in speed obtained is not. s:.gnli‘icanto
Detailed study oi‘ ‘the pulse current curves and the lloht decay
curves provide cert@in hints as to possible means of illumination which may
HESTRICIED
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provide an overall increase in speed. Some further experimentatioﬁ is needed

b6 -determine- whether these- hirts are pﬂ3°1ble or-not-and ihwre*ishafprobability

that 2 dlrect approach may be ‘the most syltadleo The flrst of these Would
serve to indicate (and thlS is a flnding whlch bas peérn suggested 1n thn
theoretical portlons of thls report) that if the peversal method 13 used and
illumination and -chéfr_*ging' are ¢carried on smnmltaneousiy and then mnedxately )
after this first stage, the plate is developed, then the peak effectivensss
of‘ﬁhe phoﬁoconduciive‘Sysﬁem mighblbe-évaiiébie, Thiéﬂdevéioﬁmgnﬁjﬁoﬁld |
have to take place in time iptervglswqf filliseconds and for this reason _
might be-aqademic.for'thé.purposes of fhis pfojeét, A second possibility also
éxtsts which may be derived from study of the pulse currend cufves.‘ Iﬁ,haé
been indicated that the rise times on'ﬁhése-curvés for all'@hbéphbrgléné of
the same general order of magnitude and are in the rénge:of'lé o about 100
inverse seconds, The current riseé to peak and then starts to-decgyrevenl
under cornditions of steady charging and iilumination, It7has'baen hypo—'
thesized that this decrease in photoconduciive current is~due %o the
development. of increase of dielectric constant. If' this hypothe31s *s
corréct and if the same conditions aré not obtalned under like condltions of
charging-in the dark and if the increase in dielectric congtant takgs place
at a time 1ater-ﬁhan the phenomenon assoclated with photoconducmivifj, ﬁhen

a means of illuminatiqn presents itself whichrﬁight make these systems
extremely fast from the point of VieW'éf speed., Naturally all the "if ¢g™

in the fafégbing hypoﬂhesis will have bg be ¢hecked before ﬁhe suggestion )
about to be given can be shown to have any real value, The illﬁminativé
possibility is the followings It is dltogether possible that if the exposure

of the phosphor type plate is accomplished in units of' time less than that
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represented by the rise tims of the pulse current; then the adve*cse dn.elec'cmc

be a valin

checking this hypothesis presén‘*b themselves.,
exposure of exiremely short time duration, that isy consa.defably less than

0ol secondyand in agqordance- -Wl_th the curve on F:Lgu_xze 2 y e_:_cpqguxje 9;;113- :shoyj._dl
‘i;‘e,- of the o‘i'd'er of Ong_-s‘e,c’:on&_s; oz less, ’

f1lumination through a rotaiing shubter in which ths open time of the shutter

the advorse dielectric constant changes operate in an oppos:.ng cn.rec't:.on t0
that of the current changes is a correct one and ii" such dieléctric constant .
changes také place at an intet¥val of time later than the current changes,

then thé possibility should be a golo.d.' one that this method.of illumination may

periods

The possibilities with respect to decrease in dielectric constant.

fur%her de'bafil in conne«c"ti'.won with acétual data reporte
The qualltatlve chemical an- lysis has brought to light several

:Lnteresting pq:intq and in view oi‘ the fact that the general class of

hevér exceeds a unit of 0,01 seconds or less.,

éble technique,

Ay e L et ) Bl i -0

"

constant effect will Tnot have time 'ho make {'hse.l.f availableo

’Tmb means ~oi‘

The first is to use a single ~

Another pols;sibil'ity is the use of o

Thusgif the hypothesis that

This idea will be checked during the coming réport

changes while increasing_ ‘photoconductive changes will be ciscissed :an ' :

Mo

4 in the tabless f‘

commercial phesphors available for study does not represent systematic

changes, only qualifative conclusions may be drawn.

The conclusions are

theseg Other things being cequa?l.9 only phosphors which contain 1nterst1tla:!

impurities, such as copper or silver or both, are photoconductors in the zinc

sulfide type system.

This conclusion is complicated by the presnece of

other impuritiesg an analysis of phosphor CE5109 showed only copper as an

impurity and yet it is not a good photoconductor and is extremely slow or

sy o TR 7 A, T 4
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- -solubions: Were rx:eé,xaminedwand“-a‘ trace of cobalt was-fownd. ~Gobalt ig kmowny - - -

' to be a powerful poi‘so'nér-' of photoconduction and in amounts larger than

. traces. ﬁiil'also kil Iunﬁ.'énrl-*'scenc':e.- Phosphors stich as 2703 which contains

) only manganese 5 & substx‘bwtlonal 'bype of impurlw‘y;, are shown by the ]

’ practically negligible speed for electrographic purposes, In addrblon,

practically negative as far &s photographic moperties are concerned, The

elecirical measurements not to be a good pho’ooconduc‘bor and has

generally_,,the more brightly yellow the phosphor, the higher the photoconduchive
value and the higher the electrographic speed, leading to the hypothesis that
cadinium sulfide based phosphors will bé more effective photoconductively

ard photographically than zinc sulfide based. It is i‘ur‘cher gvigent that

| _the conclusions with respett to impurities and w:Lth respect to cadm:.um content

1mst be treated separately since phosphor No. 130L which s relativély fast

contains no cadmium, but does contain both copper and silver, (In connection
with ‘chel hypothesis that the increased content of cadmium 'will increase thel
speed, it is interesting to note that the last Teport pi'epared by .IBa-’o.‘celle': '
on the subjsct points qu‘c that phosphor RCA N‘ee F2903 is roughly 10 times'
faster than phosphor No, 2’225""-,4 We have beér able to obbain the general
chemical aimlysis of phosphor Eé?j_(_)B- and i‘wnd that it is oﬁe, of the highest
cadmium eontent phosphors available co:mnerciaillyg_.%nteimng roughly 90 '
.par;bs of cadmium sulfide, 10 parts of zinc 'suIL;E‘ideS and ecﬁiv.ated by
s-ilve_r;,)

In any case, the hypothesis may be presented thatdphotoeonduetiviﬁy
j.n 2 phosphor is the result of the presence of an interstitial impurity, a
that certain impuri‘c‘ies such as cobalt will quench photdco-nduetix;i‘cy, and
that substitutional impurities suach as manganese which are useful for
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Iuminescence purposes do not prov:.ae photoaonductlv:l.tya and that the photo-

Cme -t conducta.ve and,;m all probabl‘h’cywtheweleetrs,graphlc »}.rop'artiaa 'crf s‘ulfida _

'phosphor m.ll be proportlonal to t‘1e cadm:.um contentn On this bas:Ls; it
appears advisable to emphas:Lze pure. cadmlum suli‘x.de systems ra*.:.her than
those which conta:.n any amounts of z:mc sulfldeo
It was. thé result of -t;heSe anaytlcal i‘lndlngs' that fd._'siéi‘?'“g;

experiments wexe 1n1t1ated ba.sed on zine sulfide phosphor Neo 2229', a.nd
cadmium sulfide., The aata obtained are reported in: Tableé h,, 5, and 6
The cadmium sulfide used for t-he,,- ;pu;pose of ‘these e;cp_ex_—‘a.-m_ents was ‘the Harghaw |
grade and in all cases, ihe end product had to0o6 low a resistance to be
effective for the purposes ¢f the project and are therefore not reported
‘These experiments ars now b@ing, repeated with the lumiriescence free type of
cadnjun sulfide #hich we have béen fariunhate in obtaining recéntly. The
generel data with respect to cadmium sulfide ;?ill ;be reported as a unit |
latér, Réfer#ing again to Tables Ly 5y and .,6@ the results of théde synthesis
experinents and of the qud itative analysis indicate that dgpi‘ﬁg,‘ for photo-

~ copductive purposes may -t;xtend beyond ‘or in a different direction than that

| 'consiiiered nmdrmml :ﬁor' lumitescence efficiency, Tn the ¢ase of luminescence
free z;l-nc sulfide, photoconductive 'pr;ellal‘elpigies. could be imparted through
suitable additions of either =co.ppei' or silver, but the maximum phcbtgcoh@.;;cbive
- current obtained in any dase is not suffieiently high to be u\s,efv@@ This is
simply another way of s-aying,"th-?et z—i,nc‘ sulfide systems a;re« not, as effective
as éystem,s containing ecadmivm sulfide. "'Anorther significant point is ‘éhé’b ‘
coppeér seems to be more generally ei‘féct;‘i_.ve than silver and that qczp:j:né' éf

No, 2225 results in much more désira‘ble chariges than the doping of zine

.~

sulfide., In the case of No. 2225, when the condit.iéns of preparation are
o RESTRICTED
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proper, ‘c.he photo::onductmre values cont :mue o 1ncrease m.th increbse in

P

copper content up to about 0 01 gram ei‘ ¢ opper chloride per 1,00 grams of

25t i L v SN

 No. 2225, Both the steady state photoconducﬁa.ve values and the pulse currsit o

values Wers meagured for the purposes of these tah'les mth care ‘fﬁO far, the

bhest results have been obtalned by flux treatment at 9,80"0., Most. s:ignmfican‘h

is the expermental i‘inda.ng 9 hcmevers that the ac*bivn.ty of the phosphor rises

rather steadily with increase

properties are toncerned, If

in copper conten‘b as far as yho\uocono,ucfoa.ve
a't; the same btime; the capac:.tat:we dlfLerences

lesignated as tpap depth,appear %o qecrease and if

the hypothesis developed ir the thesretical gupplemeht w:.t.h respect to the

adverse effect of increase of’

dielectric constant dre shomn to have a basis

in facfbs then it is certain that the dielectric constant and photoconductive

changes are separately operatn.ng mechianisms:e A rieans for changing one .

without affecting the other i

mich greater increase in spee

s available through doping procedures and a

d should be eéxpected than would be indicated

by the figares given in Table Uo

of phosphor No, 272»2‘5 witho\;t

vcally now to Table L, the capacitative differences

added copper are ,613%" ,a,nd"the photogonductive

current in 1ight is 1.8 millimcroamperes, The capacitative differences

of the phosphor doped with 000100 grams of capper chloride per 100 granms of

No. 2225 is roughly 11% and the photoconductive ourrent under {1lumination

conditions is 8.6 m:l,lllmlcroamperes, Ii the hypothese's gILVan :.:1 =t

theorebical port:uons are correct then the speed of thw sample venresented

by plate Noe 28l; should be severzl times faster than the speed of the sa.mple

represented by plate No. 282, In order to determine whether these suggsstions

are correchb, the rate of decay of light and dark currents under nermal methods

HORIZOMNS INCORPORATED ﬁ gﬁ*ﬁ
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of charging aré now being measured,

T T T i gummary of thiS section of %H" da.scussion, :LT: wom.d, appear tha*a_ =
'*bhe regsults of chemical analysis and experimantal data indicate that copper
e -an effective impurity in sulfide ’oype phosphors for phctoconduc tive
purpcgess: i ' S i S

In view of the effectlveness of certain t.itana,tes from the
point. of view of 1nfra—red, combmatn.ons of these ma’cemals and phosphcr
Noo 2225 Were examined, No thuewal nesults Were fdund,

The major emphasis has: been placed on cadmium sulfide in the latter :
sections of this report péeriod. Thee vwork has beem hancficapped by t.he 1ack
of availability oi‘ guitable r&w material of sufficiéntly pure grade and work | |
was initiated with the types of cadmium sulfide available comiercislly,
Fortunately, recently we have obtained substantial dqumtities 164‘:' luminescence

| free cadmium sulfide from both RGA and $ylvania, and these materials have
now been placed in expérimental evaluation. Pricr tg the -stoék;ﬁh'g‘of ‘su'ch" j
material._s s & variety of experime,nts were carried ouf in ﬁhe general f:.eld of
cadmium gt,_ll:fid,e', The doplng. experiments as déscribed befp-re: ot Harshaw :
cadmiun sulfide were failures in thay the ﬁ:éd‘uc’ﬁ had too low a pesistance
to be effective for the i;ur.pos‘g of the project af' ALY experimgn;ts- d'éa;léigng‘ 7 K
with the heati—igg; of cadmium oxide in: oxygen and the atteupts %o "d‘e.'ive,-ibp & ‘

cadmivwm sulfide i‘:.lm on brasg, ataﬁn&eaé- gteel, or other mgtaxéfé rosulted
in faflure either becauss the properties of the £Tim were phystcally poors
or large pinholes existed, or the resistance was oo low for the _pufpgée,s
of the preject. S S

Cadmium sulfide from the different ‘sources was examined for

investigation of their photoconductive pi‘op- rties, Xight and dark decay

_ ‘ RESTRICTED
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curves could not be obta:med frqm thsse cadmium sulfides since. their dark

+
A P It -h:p—.-“—.’\m_l.‘ u.»M e M s o el M PP ol S 2 O Do d e X

is‘i?ixce in a.Ll cases was too lcrw o pami% the matérisl o hold 2 charge,
The dark resista.;ca for yhotcgraphz,c purposes should be: cf the order of 7
Ool % 3.,0"9 -amperes or less-— and al:L of the ‘cadmum suli':x.des are higher than .
’thia values, One oi' the. mtrigumg findings w:u;h respéct to t.he var::.ous
cadmiun sulfides is the_relat:i.zely h:.-gh- order of current whmh passes- or i-é

Il&‘e*faﬂ;op‘ad- in these materials when ‘exposéd to light, 4 silver doped eadmium

Sulfide aup,:lied by the Signal .Corps exh:.bﬁ:s unusually 1arge amounks of

ourrent on illumindtion, but the dark .mren,f. was also quite high resulibing o

4in a light~dark ratio of li to L. |

' Mixtures of phosphor No. 2225 and the Harshaw type cadmium
sulfide were prepared covering a broad z‘arlzge of binaries and soms of t}l}e' .
éqvgrse dark current conditions -eﬁh:isbj.‘ted by cadmium :sui;ﬁid;e. were suppressed :
in this mannsr although they still remained in a range %oo high to malas . o 4
them useful for photographic purposes. It is significant to note,, hm-:ewe:r2 | :
-that_at ieast a method for making a very effective photoconductive cell
¥ag provided in this way, As a mathker of fact, using ¢ell l\Io° 325 in an
intaé;sa :x.llmm.natlon, a light-dark ratio of over 1000 %o ;1 is readily
exhibited, The continuing endeavor on cadmium sulfide is for the purposes
of emphasizing means for reducing the dark eurrent to values below 1 x JQM
arperes. o

The light and dark de:gay .rates,n@asured:' eleqtrome&ie,allfy,offbhia

combination of cadmium sulfide anc‘i 2225 plus results on phosphor Né:q. 2225,.

 zlone; No. 1504, and No. 2200 are exhibited in Figures I, and fallmnga

In generai, these data substantiate conclusi ong obtainsd earlier by
photographic procedures, Phosphor No, 2225 has a fagter light decay rats
PESTRIGTED
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than 2 No. 150k wereas No, 2200 is by comparison very siow, The ai‘fecf, of

. ﬂth:.ekness of binder is elearly exhlbited, 1igh'b decay rates being greater ‘

-wi‘bh umn fllms rather than mth thick, The reverse charging techniques

.g es faster ln.ght decay rates, but also fas’cer dark decay rates. '.Tlxé net.
7.:1'88;1_13,,-13 apgegrs 1'.0‘ be & net- gaxn in: -pho og»raph:.c: speed= -of approxima’ﬁ‘ély a.l
factor of 2, AS hag been 1nd1cated thig might bé 1mproved by au’comatic

;, charg.,.ng and developing devices wh:.ch would charge the: plane dur:z’.ng exXposure,

arid -d’eve:!io'p it imhdiatniy‘ afterwardge s -Suggest'.i‘ofx -remaiins; o be checked

S0 T ag) oo

been. suggested- in previous sechions of this repw’o— The results or the otddi'bion
of cadm:.um sulfide to 2225 indicate a decrease in the rate of light décay

and it is to be noted that as t-he: amount. of cadmium sulfide i;rlCreases. ‘the
effect of reverse charging also decreases up to the poz.nt Where W:Lth 20%
cadmium sulfide, normal and reverse charging curves are subatantially |
identicals,

A% first glance, it would appear that this result is contrary to
whatmight be expected or may be anomalous, However, when it 13 i'emgmbe;ed B
that the cadmiu..m. sulfide 'use'@ in this case was the -Haf'é,hgw type which ',S,ha;vs.‘ .
an. extremely high dark condué-ti;vi-ty,. ’ﬁhe,nr the effect is substantidlly asl
expected and it iIs exactly the sawe as ‘ though conducting particles were
placed in the film, Under these cbhdit‘ions,r it would be di-ff.:‘;c;ﬁii: to'Oh.arge
the.: p'j.a.tsfrl;o the same pc_iteﬁ-.‘aial ag wheén these conducting pérticles were:
absent and the data cleérly indicate this adverse cdnd-‘it;{om, | Thus it does
not. a;ppeér safe t‘o.‘ draw any conclusions with r-espect' to the role -‘oi,; cadmium
sulfide with respect to the light decay rates run‘:-iil. agsurance ig had that

the photoconductive dark current is sufficiently low,
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‘CONCLUSIONS

iight debays-weré trind oft two s&tenium p*ates furnished by the
Szgnal Corps. Thpﬂe wore chaxged plus 7500 volts on ‘the corona wiress plus.

1180 volts on the grld.resulhing in 2 plate voltage of 180, The plates decayed

',1n the 1ight 4o 30 volts in less than 5 seconds, which was too.fast ‘o plot

the curves, Howevér, these da&a ind1cate that the selenlum plates are about
30 times faster than phosphor No. 2225, .

In Pable 9, the effect of 11ght 1nten51ty'was examlned using a
single plate for all the masyremntsé The light mtensl--ty wag -meas.u:ned
with a'mete;gand-as.ihdiéate& in thé=hote-attéched.to,ﬁhis~tableg'the‘figurés
may be considered only relative in view of thé small area of the pla te whlcb
was illuminated., nght intensity wsed forrail nmeasurexents 1n~a11 other

¢

tables %és equivalent to the 700 value given in Tabléub,‘ ‘The r@sults
indicate reasonably conclusively that the puise-qurren£ increases ﬁihh~li§hh
intensity, particularly on reversal; and ‘the evidence is tilat- satiration

effects become thideabiefat high values of intensity. To a lﬁmi$¢d éxtent,

it appears that the rise time of the4phpt6¢ondugtive current is higher at

high values of light intensity than at low, though this facior‘appeafé to

level off at lower light.intehsity”values-than indicated by satﬁratipn.of

photocurrent, These results afe substantially as expected.

Sowe ¢6f the ponclué;ons and hypothe;is which may be drawn may be
listed as fdlldwsatl 7 | ' ‘

'10 The Speed of a phosphor type electroaraphlc plate is 1nverue1y
prOportlonal to the thickness,

2¢ The speed is proportional to the cadmium sulfide content énd

the evidence indicates that phosphors based on cadmium sulfide should be
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& - : Light decays weré iried on two seWénium plates fufniske& by the
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Sfgnal Corgs, These weré charged plﬁé “GE00 volta on the. corona wires, plus
_hBO volts on the grid resultlng ina plate vdltage .of 380. The plates decayed
in the llght to 30 volta in less than 5 seconds, Wthh was too fast to plot
the-curvesa However, these data. indlcate that the selenium Dlates are about
30 times faster than phosphor Nos 2225, o B I_' S : :
In Pable 9 +he efféct of 11ght xntensity was examined using &
single plate for all ‘the measurement The Iight intensity was measuxed
~with a méber and as indicated in the note attachéd to ﬁhis-tables the figures

may be considered only rélative in view of the small area of the pla‘te which

was illuminated. ZILight intensity used for all measuréménts in all ohhef '
tables was equivalent to tha 700 value given in Table L. The results

indicate réasonzbly conclusively that the pulse current increases ﬁith'lighﬁ
intenéity,.particularly on reﬁersal; and the evidence is that saturation

effects become noticeable at high values of intensity., To g limited extent,
it appears that the rise ﬁime of the phiotoconductive current.is'higheh'ét
high values of light intensity than at low, though this factor aﬁpears to
level off at lower light intensity values than indicated by saturation of

photocurrent, These results are substantially as expected.

CQNCLUSIONSI

Some of the d¢onclusions and hypotheéis vwhich may be drawn may be
listed as followss

1, The ép@ed of a phosphor'b"ﬁe electrégraphic.plame.is.inversexy
prOportionallto the ﬁhicknessg

2. The speed is proportional to the cadmium sulfide content and

{ the evidence indicates that phosphors based on cadmium sulfide should be
RESTRICTED
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very mach faster than uhose which contaln mgre or less z;nc sulfldew

K v J s s Sk
E

S Lnnerstltlél 1mpur1taes SUSH a8 Copper 4ppear to be moré T t
1mportant for photoconductlve purposes than substltutlonal 1mpurit1es.
h. Cobalt appears to be & pelsoner for photoconduction. '

'S»F in order %o obtaln the spgeds prpsented as th@ spaciflcation

for this'prsﬂact, major modifications in llghting'techniques, i@ sensitive | ;
mgierﬂals’;and in plate naking techniqies, or in all three, are required in | :
'-Qrdéx'tQ-meeﬁ éUCh-SpéCificatichs% ' ) ~
- :6,I Leads as to the=naturé of fheSe ﬁodificétions h§§e.been : é
prﬁsented both experimentally add the soretically. ' : ‘ :
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130k
2225
150k
2330
'2éao
kzégo
17
CE 5
1409
2210
2479
2703

Lml76

2469
CE 6

" 1180
88,5
59.0

377
25,8

30,1

26,2
109 3
10.0

5.6

2.6

0.6l
Okt
0. 3F

138 0027

Rgéﬂg

- .Mm_..w.,.v:;—lag G TQTM

Speed
'QEQer.

-Tra

Cy~0p

0

e L R )

“Spectial

ELEGTRIGAL AND SPEGTRAL DATA

Range

‘Response -A°

Spectrel
Peak
Bé$pon$a.&?_

B R
o

Op 0’-&3
0,038

0,02l

k Q [] .92,3:

o.o 028
0«9‘026
0,01k

0,034

0,015

0,008
0,007
0,006
0,001
0,002

0,001

isoh

2225
1500,
23350
2220 ¢
2200 7
iéﬁ?
CE 54092
109
2240
2&79
2703
LML76
2Le9
CEG138

20,0
9

L6
2.7

0,76

3.4
1o 16
b7
0.li7
o.LL
0.21
‘0, 00

00 00+

0,02

0,00+

3750 - L750
Liz50 = 6000
3500 « 4000

3250 « Looo

Looo - 5000,

&250 ~ 6000

4250 - 5000
3250 ~ 4250

C = capacity {micromicrofarads) at [000 cycles

L=

- O
¢ §

L]
f

Iight

dark

infra-red

- dissipation factor

aem et = ewe s,

T

Leso - loo

5500, = 5800

3150
3750
Lgs0

Li2so < Ligoo
k50
3900
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TABLE 2 e é
£ ) . . e . ' e $
o ZnQ + ZnS CALCINATIONS

P

';é;;du¢f:Nba

=H~8
H=2
.H@{O

H=3
He'l §
H-9

Hely.
He5
H=5

in air

ZnO at 22009F in ¥ %
- air .

Zn0 at 26009 in A%

atr

ZnS Tn My at 180QOF

W e
X

Zrs in Ny at 2200°F

Zns fn‘Nzﬁat 2600°?' b %

ZnO in reducing 8 x
atmosphere §80Q0°F

Zn0 in reducing - %
atmosphere 2200°F

Zn0 in reducing 6

afmospher & 26009F

ZnS in HS at IBOOOF 1§ x

ZnS in HaS at 22009F 1 x

105

Description 5 Resistance

- Znd at 1800°F Bk 108

o2

' 08.
196
109

10%

1obH

108

Ehota

cohductor

yes,

yes,,

no- -

yes»

yes,

Nno

yes

. ho

ZnS in HpS -t 26009F * volatitized

"o

yes

yes

stight f
.good ;
slight i

None of these were as good photoconductors as the standard phosphors, but
freatments simijar to H-8 or H-L might be suitable for thin film firing.
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THE ELECTROGRAPH IC PROGESS

HORIZONS INCORFORATED

TENTATIVE EVALUAT 1ON. OF THE FACTORS AFFECTING

. AP T




‘ N - RESTRICES
' A tenfat&ve eva}&afﬁéﬁ of fhe facfors affectlng ?he elecfro»i_- B | YE
J l grapMc process io vi ‘ualczed as. composed of three m&JOY' s.’reps, The f!rsf o
step may be a phenomenoioqaica& modei o‘ the process, based mere!y on models : J
usmg 'E‘he resuns of expemmen?af measruéments and affemphng 1‘0 cerrelam ?
them with fhe eiec*’reraphnc process, The second step could be an affen;pf R Z
to iook_ c:n.to _the_ 'pmces_s from a microscopic v~a:_ewgc.-aen,t,;-,l th.rs wi?:u‘l'gi‘ ‘ﬁpﬁﬁ-n‘i- ) | » .
the bz‘asfis of a '_';o..]:i"d ..s‘ﬁté:te model, _ E ) N : _' - o 3 : h 2
The third ~sfep would then ¢onscs? of .an aﬁenp’ﬁ to pred!cf, on the o _
basis of the aolhd state theory,, the ’maferca!s and processes to be experl- \
'mg"n:re,d with, The foltowing hotes are a first affempf fo lay down the o
foundahons for 1*‘he first two sfeps primarily d nnechon with the
£ exposure proceéss, Théy are -d;c_.v-lded fnto:
! ? ‘ i
e “ts Phenoménoiogical models.
&, Introduction o | . o " {
'B,ér . Simplified é.qu:iva.él\'enf"c_ii-'rjcgdi-:i_' | 5
. €. Rise and dééa:.y of equi va.-l.eht' _(;:ond_gc'itfi-v;i‘?ry' and _
diedectric ébnstahaf of phosphors, P S
i1, Soiid state models |
1, .I?he;pp,mg.nhol-l;pQ.}gét&f Models .
‘ A. i'lr_zefii“-pd.u._c::t_i‘zgri |
Among the ‘three ma jor steps of an elecfrographcc procpss, ”*pri'e.:;iar'ﬂa@ [
f‘?én""? "‘éxpo;;-gre,i’ and “deve topment,” the sécond, exp sure, appears fo be the |
most sicnificsrt, and w?!l ue fhe\ fn st fo be considered, However, the |
devélopmenf will be now briefly analyzed in connection with #xposure,
(w - e e e . RESTRICTED
HORIZONS INCORPORATED I
e e s e e e




' RES&!}RZFCTEE - L

A expoopq plafe carries on H*s smf{de,;e 2 c«.r;fain di‘ ribg:i'*‘ijcn -
ot ;narges and p@t,enf;l:a I3 wq th ‘réspéct :#d i ts bagk ,eaﬁ@;c#;qide», L83 w;ll
br the aim of the sd‘uay of- expasura to d@fermme ‘f‘h‘é' riaf?ur:e é: *he diqe-;_ T
.tr,l,bu,f,;@n .3{ ch{arges:, The quesﬂan now 35 whaf defermmes ?he effnc;anc;t o

of deve’slépmen?f ‘C'O’ﬂéi‘ii@l* the psai‘e under' developmeni‘ (Fig, l ) The
:phosphor xs still unqargomq a decay ,.:rocess so fhaf its resisﬁvity p,

and d‘reivecrtr'ic constant € s wj i1 not be "rhe same as fhgzu* i nii“’r}'igrl vafl}uesp.,

B, and €, before exposure,

expand area & l P
V' ey a. « ool ’

@ e. 1 ‘h sthickn &5
‘ , R i
R e e e Quo

*

F?TG’: 1
The resistivities (>° and P, are: ~«ei?‘)¢»"h/fg,t'|,a soA that they may be Vc:{ans‘:iﬁde:red:
as infinite ddriJn.g the ﬂfmé; of development, For the st:ari,datvrd dg;\jréaiopmehr‘f‘
progcess, one may now ask whefher the voltage Vy or the qhqrgé density 3, “
or what else is the defermining factor for imege resolution. The potential
Vy and the density G, are not, in the general case, propor%ibna& i*or éach :

other, sinces

RESTRICTED

HORIZOHS 1NCORPORATED
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USSR T A L e Raed TR 1AL e nel ) Su ANTEREMEA S e St ARt st E RVl R SN R S STt e e

1,
e e bk > e Jroa—
= — = Y e e SR o T = AT R R P
~ . A " P
. . . = . 3 . oo o - A ¢ o n O50 o0
n . . . . ' 1
N e e e e e

T REweE
A et .;,{TM.WHMGS?ﬁﬁ%;-;7%§‘ﬂm e L AT “‘“*;ﬁf:dzﬁ,y
“EQUAT 10N (s) L R
The admpies? Way out WOuld be ?o reason fhat fhe Qharged particles o Itf
w1 ﬁon?inue,fo depos:i on fhe surface unfll a%& fhe surface charges are . ﬁz
:neufraSized; S0 fhat the de?ermintng factor shculd be rne charge dgns!%vil‘f ftﬁitf7yf
6,. However, fhere is Fedson to: helieye fhaf the resqlving powsr. s . .; . ?
defermnned by the dafferenf rafes of powder deposition on fhe d:ffe;enfly | B ;
-exposed~negion&.on the.Surfaceuof fhe-phosphors, SO-that ﬁhe-rescTux4on 'E
between two. differenf!y expoged poin?s incraases, dur%ng development . ;
untif the rates of‘pqwder fall become squal, “ f
This crwterionpseems md?é-sa#ws&ﬁ@ic?y\aﬁ fhe;preseﬁt time, but E
a complete analysis of the development will be attempted ohly wheh more
instght will have béen galned into the exposure process. At presenf af il e
appeers that theur§¢e-of,powdeﬁ dgpps%tipn,&ﬁ‘@ funqtiqn-qﬁsbq*h va&fage. i
‘Mw-and-¢harg§-densify‘éig The rate &s;prébab*y ma¢n+y'de$ermﬁﬁed; at é
all times during devejophment, by the fﬁe1d'béﬁWeeﬁ;pratés; and hence o | %
mainly by (an,,) However, &as time goes on and the deposi ited powdsr i
n»urrallzes the surface charges, bohh vy and ﬁﬂ, wdll decay, and fhe.
Ichange of vy is directiy affected by the degay of S,e E
| A jltgn~j~a:t'ive 'cqnc':l"t:us'--i'on -is,,-( therefore, that both & and v, rggé-fhe_;’ ;
With - € have to do with the developménts . . ‘
Thg-exposure pPQCéss:wisj'how be-gqnsiaered.féom fhe-y&ewp@lﬁ&r' g
of determining G and vy, . S ' . | | ‘ :
A phenomenologicail desqripfian of the exposurée process may be ' “
baged on two starting points, The first is based on an equivafent
o L P @é
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ki e e

Pt
B
S’

-afo p resi;fan@, In > »+i 1 wufh & pac;fance (Fag. 2, )

Th{ expo ed un:f area of phuspharas e con 3dered equan1ent

-:A"m\l
x )
\4 ‘ -
N 5 S T \J, ‘ .
B = y‘l .
L

‘e

lf-wé.kheQ indepeddehfmnyAW{fhe=ﬁ§srsténge and'}ﬁé capaqi%@ﬁéé‘changéﬁ
dub%ngwexposuré, we cotld séf-pran equation. for ?Ee vbgt@gehqnd=the
-charge‘gppegfhhg~oh-fhezsurfacey This %3 %ﬁéfwé1f-anwh'equa¢$¢h'for a
CQndenser'dﬁséhargég |

i* Q‘ w C
(O i_

.EQURT10N &23

where, in the present cas es‘R and € are glVeﬂ funcfnons of f:me. of course

oné woutd have tQ‘b&fQ@FgﬁQ{.EQQuiA$®84eMé1ua$T0nfOf?Rﬁaﬁd'c functions ﬁ%om
the experimentai results, in the sense that one should mzke sure “that
gepeﬁallaed Ohm?s law appiies to fhe-qpanfifles cbns@deréd% . This anglysis
Sh&uldwbe the resuit of solid state theofy.appwieditoltheuphﬁsphoﬁgsé

it is Pﬁ%erest%mg, however, to devé{op an:examp@é-éf fhfs
procedure, Sﬂppose we céuid-approxﬁma#e;‘for & givénupho phor, fhe resqstance

and capagitancs variations by means of linear diagrams (Flg. 3.}

S A v s S e B ow e
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feizey ot :
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- _ Mbeo - bm e,
2 T = ;
. F18s 3 |
Let us consider the simple casé in which both rr;?es"ifs#\afucer and ,pa,ﬁéczﬁ,‘faﬂ¢g\ are
ex¢ited in the some time and decay in the seme time, The taws of rv.grrf%,a,t ton ,
of R and C are then given together wi th Fig, 3. Then equation (2) yleldss
between ty ahd i
Ato EQUATION 3@
% (Rm + A b L
~ a8 }q=o0 between ty and fy
: Aty A :
. EQUAT ION 3b
¢ . ST
HoRIZOUS LHCORP@HATE‘D

T s RTIRE gy



Let us soive {3&) S L el

,.\_
ERE

_3 = - YRQ L!mtﬁo/ )t_ﬂ} 'Gé' {l +(¢:j | 7‘ 3

EQUAT?QN (h)

Where {ro = ARO @ res»&fance vars\ahon in 'Hme ,.,.;\Lo

GO @ ACO, = c.‘,a'pac‘ita‘hce vaﬂ:'atiqn 'in ff":i?r‘ne ’&;; : o
CQ N L : o, ’ R oo feT o " N S "7;',‘%,‘, ‘A:—“‘r"’ :
wﬂ'h the initial ccndi*hone g=qgoat t = ¢ T NI SUR

Nows

where;: €o |

; <0'§y§‘ ' 'C,rﬂf?h,

integrating (la.): ) ) . | o o

In

9. PC‘a (cw- ) r= to & i
= i

’¢° . L;

&
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Tha*correspending VOifage v wfl] bes f"f SRR . 'jiﬁf;..i

- j( 3 & £D 5
oot ' oo s o
heeg). " Lid=ro/

S . 0 , N o :‘-"‘ hll V--J: < _ .. ' . . os B
o Cmwoc@
and ﬁxince ,VQ o -écol" . I - n-._ . - I S . u_ I _ < - .-': o . '
- o . - e, - ST : ] - D _'- o . ‘.‘ '~:.: B

l- oy CQ . ) v N
. i ('&.#-co-..- T o 2

Vm - it ot | * ' ,
}ﬂg T e (e re f RQ c° (cQ *0) o LT
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ori . : , R PR
i R T o
goUATION (@)

O

"Both chafge and vajtage.decgy, sdncé ali the 4ight hand termg«a#e.nega&%véb
g #RoCo, the time constant of fhe phosphor in the dark, must be , | ."I ;
as long as possible so fhaf fhe phosphor charge witl not decay substanf!ally | ’
#n the time Tnterval befween polarezafion and exposure° in~anquase ?ie is

=much greafer than T;, and (eo « ro) s a number grea?er than. I.. " is . :'f

thewefore cnteresfing o note that the voltage'varwq#}qn-durmng the first .
time .intervai '2; 18 greater than fhe-éha?ge yé?ié&idn,?an that the ;

vertation in fhé vo1?agé is almost exglysively dug to #Ee'bdiydﬂuphbﬁ
dietectric constant (or)capacifance) From {t = t ) tg. (f = dy ) the

so!;qhon- may be O_b'vfd'l-ne‘d by 'S,J:Lb.S_f lif“:'t'-f'-oﬂ Of f:_hé‘ symbols for 3 and c' o - ;
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wvi i f= s ‘E
- RESIRIGTED. ?

sine:ga the equation fs the same, ‘Fhé v!’*Qe'sufi'f i'ss .

@, S '.": --;F‘-}v)‘“ .g ) © v Apween ',a;nd:,_l’iz,,'

¥
Es

Rm: Cm
1% (h‘rm) is the time being counfed f:om 1, slnce q must be equal fo qm af

i N P e A
where: ry ® 4&;) c* ‘___C..i... ' f.aAf“ ‘c-de'péy- i"im“e,,- ‘ﬁndf» ]

t % fm (i' ® 0,) It is how more c;o_nven:i'en-.i‘ to use the -fra’cj-;,tgns’s :
* & Ce o -
ry @ «A&Rp . < i /l . ] . N o _
Ry * --o--!=-,"t;g.”'i' A si‘nce ‘then r, = Fo .gnd ¢ = co In the cage of

phospheors returning compiets ly to fhelr ori Ig inal ,-gé‘ﬁdd:{'i;ons (R. = Roj.

Gy = Co.) We haves T
. r”*’m ___R‘M- .&f_ . T"’ E’ llllll e T n

Hencé
o &1\
N.c; t; R

'—sll

X3

Iy e/

i

: \ by Wl __é: .'EQQM toN' 49)

-5 Tl
C //\.

»’*") érc

and on log scale, at t = T3 o :E.QVUAN'ON; ‘('O')I

fod -
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i {0 _ Therefore, b@th chargs end vo!tage Yncrease again, fhé Iaf?er
e ﬁbr@“whaﬁ ;he rormer~- Hnre again L; :s ;he decay fime‘of fhe phosphor ; ;a“: P "
in fhss xdealized case, and RyCy = 2%315 fhe Tnme cunu?anf in fhe dark :
affer exposureq - o : fi.‘ _ .3i ' S S ?
Le? us censnder f:naily ?he overal! charge and VO!?age var:afion: _: h. k
5 g 9% L7 y oo e
: . :-a--—-—-- wy
S . R~ = Y B 3 - B &
?«:e ( oy B} A S
o !»r th o %#&, ;
EQUATTON {113) : ' ' ¥
o Moo T L, 2. 1
; [ A ' T
v Q@ -/ — »..l.v- (l+c
; | Py e
EQUATION (lh) : 7 - -
"<;;) These formulae Irdicate that the" charge and‘vo&tage decay durang the first ;
period 7g is foliowed by a charge (VQITage) rlse dyring fhe second period 2
t;. The relative lmpertance of the capacltance versus reSi 5 tAnce . ,E
vartation ‘may: befbesf evaluated in 5pechic Cases,, ;
!* may bé noticed fha? the relfative magn!tudes of the decay . ) _§
time T, and 'Z”bear & darec? effect on the Qverall decay and fhaf a smaili
3
relative value 6f 1% is desnrabie, if the firbf rerm: (decay) is to bé greater 5
‘than: the second (rise,) - |
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. cheVer, it shouid be kept in mlnd That fhas ls on!y a hypofbaf!cal

“modely i m@Y ‘be 'more- Useiui.fheq at Thjﬁ poinT wohexamine,thg-pogshp}e LT

ac¢uaw decay curves for R and C._

€. Rise and Deﬂay of Fquiva!enf Conducfivity and D:e fr{é:épquéﬁfl .
i of :th,._phors T : . j_ o M-_ _',__I_ o ;

Sore of the conczus:ons and hypofhesis gn cqnducfiv:ry and

diefeciric conafant of nhosphars may Be summartzed as presented mﬂ!nty

by Gariacx (Luminescenf Maferials,) Garlick and Gibson (Proc. Roy. Soc.

1947, A 188, ues.)

Jn:fhé’baﬁdﬂﬁﬁqturé=¢f.pHOSQhéﬁs,'m@mpqﬁi¢y'éehtﬂeswﬂ @mp§&1{¢

afoms oF ions are adspersed n the lattice, and eJectron traps are

-potentbat defecfs in the periodic fleid of the tattice, Thg-gxaqtvng$uré

of #he-¢wapa.1s-not3known, but thqrg'ts-some eviﬁence;thgmlﬁhsy ara-gsaociated-q
with fheangbghbq?hquvqﬁ impurlity centers, mh¢~5eat &nqawmeﬁ%-qurﬁng
praparatighféffec%s.fhe-dwspefsal of Empurily.centéré.gndﬂgwso g@yogartﬁé

to traps, The nunber of effective traps is about the same as the humber

of Juminescence centers,

" The cycte of“exéita#ﬁon-&S“briéf}y'éslfciléﬁsg electrons are

 f

excited from the uppermost filled band of the laftice into the conduction

:band-énﬁ_quﬁ %his_they;decay.eifher into tnaps,wifh no rad%ativé edigéfon

TR el ' L e . . , ' i
or back into tuminescence cehiers with radiative emission, The frapped

.eiectrons wil) then be théfmaﬁ1y-exci#ed into ?be-¢6hductigh5bahd:agéin

and witl deéay-withnéadﬁéflve émissioh Enté.fhé-ruminescehce=cen#brs. These

had been prGVAous!y emptied s:nce their eleatrons had_fallen into the holes

left by the excited electrons oflfhe filjed band,
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‘ o aes':mc*rea
'C: ) doweve,, It should be kepf In mind fhat thas Is on!y a hypcfhetlcal | » i
- “Wodels 1t may be more uséful Then at fhis polnf fo' &xamlre the posshBie ) - Q
acfual decay curves for R anq G. . ,i o ‘. . ) )
¢, Rise and Dacay of Equtvaienf Conduyrivity and Dlesecfr?c Gons?an? | "“m
of Phesphors _ ’ ;J_fiz i" f
Some of the conciusions and hypothesis on cenduc?iva?y and _‘,' § - é
dﬁgmec&r%cfcon$tan¢ of phosphors. may be sgmmérizgq'ds pf@sén%eﬁ-Mﬁtamx,. e mg
by cariick (Luminescent Materilals,) Garlick and Glbson (Proe, ROy. $og. ;
1947, A 188, LBS.) | . -
in the band piciure of phosphors, ““:i-s’n‘p%*“’y ..c'en-tms;-,""'“‘fir,bp&ﬁ‘t;y‘
atoms or lono are dispersed in the lattice, and ’e!ectron *raps re L ?
potentlal defects in the perfodic leid of the iattice, The exact -nature
. of the fraps s naot knowh, but thers ic s?mbuevhdenca-fﬁat they are qssoéiéted' %
S with the nedghborhgod of impurity centers, The heat ir&a&maqf dyring i
prepéraf%on-afﬁects'hha'dﬁ$§ersar of impur@?y'cent@n$waﬁd’g$éo.givqs-ﬁdsé é
to traps, The number of effective traps ﬁs:gbouf'$he-3§me-a$ $he riuinber E
of lumineéscence centers, c . | ‘ i
The cycie. of e citation Is briefly &s follows; electrons are
excited from'fhé-uppermosf fitled band of the ta%fiﬁe fnto, fhelsdhduc?Ton ;
band. and from this fhey decay either into traps with ho radiaflgé';ﬁféézan é
or bapk into lummngvcenqe centers with radla#lve emiss}png_rﬁhe tr@pged- ?
éﬂegtrons.wéti then be theﬂmaléywéxci¢edf1nt6-thé-ebndu¢$1on badg,égé%é- é
éndzwig1'decay with radiative emlss?on.in%oﬂfhé [umiﬁeségﬁge éen#grg. Th8§§-
had been breviously émpthgd-sincé their elegfrons had fallen into the.héjes‘
lef?-by the exclited electrons of the filled band, |
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Durinq ?his procees, fogefher with emission of radlaiion, the

P P,

vconducfav:fy and dneiecrrlc consranf of“%he‘ﬁhosphor undergo arise and*‘j T

decay prqcess, generaiiy endnng wifh values ofher fhan rheir orig}na!

ones

lf is impprfanf unaf ?he variafions :n conducfuv:fy : d_ !ectrlc

constant ‘be defined s?r c?iy in connec?lon wifh the mefhod by whlch ?hay

- nave been medsured The exPerﬁnenfal setup. of Gariick and G:bson gonsiﬁ?ed

T

of &n R F oscil!a?or in which the phOSpher was the reasonating R,‘Q

_ é!Qmanf‘ The phosphor was considered assequiva!enf to a capagity c in

paraliel wafh a rnsisiance R; fhe C variation was meesured gs a change in

reggnant ﬁrequen¢y3 and‘$he~R as the Q of the phosphor: cohdenser. Ihus

fhe R represenf¢g rne qugvajenr resistance and included &t the losses.

Since thi$ C. model has. proved fo be convenient for a quantitative

tre%tmenf-éf thg exposure process, this operative definition for R énd C

- wili be maintained in the devejopment of a phénonenologlical modet for

@xposure,

As @ consequence, it may bé necessary to repeat Gar! ickts

-mea§Qreménis“~w1ﬁh the pdjérTZGd%phosphor; as prepa?ed-ﬁorte&ectrographx,

This pounf wi kg ‘be referred to later,

The diéie¢fric.changés may bg due to electrons in two different

condittons;

a)

b)

Conduction eﬂecjrgnsfﬂif they arg'sgbjec# to sgﬁfab1er
gens&réiﬁ@ng‘ﬁorqes 6§'n91‘m6ye‘?n,ghase Qtth the field,

Trapped elestrons Qb@nding‘enérgy G, b fo 0;8~évo)7wh9$é displace=
ment is not in éhase’with fhé fieids this phase difference '

would be a mavdimum at & frequency close to the natural vibration
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( of the filied trap, S R . o
—cr ~*-'«-~Gart;ckwshowadwihat~¢heasocgnd~con?r:buf:qn-is~¢hﬂ mo;tﬂwmpor?anf“~?Na bés?”:“““”'*““j%:
g - _ experlmentai proof of :f be@nn fha+ The decay curve of the d?e!ectric B ‘-E
| cnna%ant Ks paraiiel to fhe decay curve of trapped electrons, From fhese . é
agsumpf&ons it foilow; fhaf the die!ecfric changes éraAexpecfed to.be | . ,£
affected by the foi!ow¢ng-ﬁactorss _ _ _ -
a) Number of frapped: elecfrons {rot > lo'e v cu3$ _
b) Trap~dep1h dusfribu#lon - "  \ - i'v !”';%
-g) Relaxation #Ime of f&ﬂied.tpaps ‘ - | . Z
4 Applied fietd ?r@queh¢y %
e) Temperature and treéatment é
Both aﬁeaectric'chang@5'ahd tpsses have beén measured and the~gxpgr®m§nméf E
s results ére in agreement with a théoretical modei developed by Murphy and §
() Mor gan, | | | |
The variatlons in the equivalent conductivity may be due aiso 1o ,'
elettron% in two different states, namelys
a) Electrons In the cohduétion band ‘
b) Electrons in traps
The second-cause of in=phase current is proposed by Gariiqk in
order to explain the increase in 1oss'wjfh ﬁféquéncy of th¢~aéplled field,
The trapped electrons aréucapab@e of,absorbingrsmawi éyanra of energy from
tﬁe fﬁé1d; This would Tn iufn-rgquﬁ?e a hérgg:numbér éf‘c&o$¢1y'5paced' |
énergy states for frappeq-elecfrons, and hence, a ranée Trap'd$amefér,
Gar;ick states fhat the large increase iIn d%eLegTrlc loss whi¢h §ch(sf'-
when electrons are trapped may account for the Iarée initiai currenfs
( _ “RESTRICTED
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A measured in photoconducttv@iy experiments. In this case It ks ot _ R )
'neéégéary to assume that fhe primary photocurren? Is d;;“fo qonducfaon - _-é
: e!ectrohs,- GarVick's conclusion on #h!s subJec= is that eleafrons in ) . s
% the conduqficn band of a phosPhor do nof make signiftcanfmc;;¥}ibution ~»é
% hgel photoconducf;vn?} and 1o dzelectrsc charges at ordﬁnary temperafures. ?
| Thig sfaremen? seems. fo be in ¢ontradietion with the generaaly accapfed ?
,cpinton that the primary photocurrent is due 16 edecfrons mOV|ng in fhe . i
{ conduct forn: band, 1hese Two viewpoinfs may be reconciled by keeptng in E
i mind the operatiohal definition of:phqtocurpen#_ln-tngS.of relat%ve E
%, ,cpndUc&ﬁvitylchahge #haf Garitick probably had ih minds
Th'GaF%ﬁckﬂsreXperimenténmhefphof@guﬁrgnt, or Tnéﬁhaseqqurraht, ;
is provided by the externat oscillaftng source, 1n.measgr1ng'pﬁotqs», i
E <-‘ current onty aD.C, voltage s hormafly used, oF the ph05phor s pre= 3
- porarized, as Pt 1& the case for ehectrographyb I fthese Iasf ‘cases €
there %swa'rapﬁd~varmafi¢nfof the Tnternal eleciric figid cnly during
The fast rJSe-perfodg this vari@f$on Is dﬁe in the ki?$f case f9 the %
i'ntérnalt impedanqe of the éoqrgeb if the second case fo the voltage 5
decay In the phosphor it§e1%, | | r
Therefore,; the equivaient conductancerduring'fhé rlse;peri;d
\ ;
{ would be roughty egua{ to-thaf‘measpred with an A,C° f&e@d wvhose. .
| frequency SS‘SUéh that tfs-fiéing time jé equatl fo the rks{hg,f[mer_ ;
of fhé-pﬁo#ocubren¥; The décéy time is,fetafivedy'%aﬁge and the %ié1d  i
may be con§?déred as gppréxﬂmaiejy constant, - |
- &s for the decay of the photoéurrenfg_if may-be é%goclafed‘wJ#h
the escape of electrons from fraps and their subsequent return to fﬁe
<
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" unexcited state via the econduction band,

e asmauaes WY W

— e B 8 e Ao S,

lf is now profitab!e o °xamjne rhe 16 rure of fhe PurV éf'

r?se and decay of equivatent conductivity and daeiecfr:c consfanf durlng

_-exposure of The eiecfrcgraph;c plafe, on the bas;s of Gar!ickﬁs resulfs,r

'From fheses It is not possable to deduce the rise curves for conducﬁlvl*y

-and dielecfrsc constanf of the excited elecfrographsc plate; However,

the formulae glven forlay' o -Mariation fpn dueJecfrlc loss oh-n»i (or

sCohducmancg)h ang' Aiéw var&atipn'in dielectric c¢n$¢an¢s.shQW'¢ha# rney

are imtimately conhected, Ayybeing a function of A€ang frequency.’ 1%

 probabiy is not too far from being frue $o=assume thg#.é%(and-lk?rlﬁem

[y
k P
-

together and in the same time, This point, however, would déserve
expermmﬂﬁiai checkwslace-a\dwfferenc¢=Th r&se.t?mé-mayrﬁave a seénsible

effect on the overail charge decays.

As for the decays, thes¢ are given in Gartick (Fid. 76) These

decays sgem O be completed in fhe-samer*fmeg the siope of the dlelectric

togs change on tne iog paper is smaller fhan fne slope of toss change,
As & conclusion, the represenfefion of f’and-é by means of two

straight f{ines as'guven in the previous secfion may not be too far

from reality, Such alrepresentafion may be Impr0ved-by assuming for

the decay curves fuanidné'Qf the types .
HéE=kE™

- o Abzk'bn

where according to Garlick the difference in slopes should be-nngl:
(cariick, page 136).

The part of the previous .

treatment reiative to the rise period would then stitl hoid, For the
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lef us ;hen assume agaln ?haf bqfh res}s?aﬂce and capac:fy

decay In the same

_lme"t.’.‘

~ P

- Their expressiens w:il fhen be sn 8 mcre

general case than that- g?ven aboves

_R='t:—‘

g«

where Z;—o

fcpndgq¢ange-ana-gﬁfiis

conductance variatlong hénces

R

¥ the maximum

'r*" . ; .eiﬁ’ e o
_ , ’C:: :

T

B

+

the

>

Ry Ry . ‘ ) .
p'“'z:w -4 G%E,) between tm and T, where n is also a number
and such that m<h, The charge equafion is_fﬁen:‘ - . '
. n. . h

da _ b= Aplfe)™ar .
i T = it g f‘- m A dary

C.l Cvm - A c/(' E/’ﬁ;)
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) X This unfegrat?on may be rafher laboraous In Ib,Mge*eranggsqmpfumwand e s i s s
‘ not integers, Lef us fry with m = 2 and no=qeiom 3, The result iss E
; G AC e T 2 @:e;.,.)' e ,g;, ESPY JCr
| 7 | i _ P o Fxer.
Where; Te b fgr, B e R
the overatl charge decay wnay be obtained by puf?ing t =l '; ;

1¥ thi's calculation is correct, it seems off hand ?hat we can neglecf
the In terms with respect fo tha'fﬁrgt term, so thats S H . :
hg o -% 40 -7 48

—..—,a- ~o - A 3 o 3
This result would ‘show. that the charne decay during the decaz ‘

ﬁhmg fs the most effective, thé-gf&a#é? the decay time and the conducs

| tivity chénge, and the smaller *hgwdie1éctf1§wcqnswggi change. Of | . '\.5
! ('“; course this treatment would not hold for ieréwdié¢e6¢ﬁ$chhgngém
‘ «M 3 fhen=we'puf'tqu¢her fhew}e$uw$§'obja&ngd?in fhe;pnevdoQ§

paragraph for the rise time and the present result, we would g@ﬁé to. the | | g
| tentative conclusion that the diélectric change is beneficial to decay _ : ' l_i

during rise fime and non-beneficial during decay tims, Of course
more detalled evaluations coufd be attempted for specific cases,
In any case, before trying to evaluate forr a specific case,

the mytual effects of dielectric constant change and conductivity

change, one shouid first find experimentaily fthe variation of dleleqtﬁic S
cohstant charge with Light intensity, or exposure, In fhé case of a . o
ZnS~A phosphor, Garlick (page 132, Fig. 73) reports that the dielectric
consgtant is, on the other hand, éroporfional to the ?nténsify of excitaw
tion provided that this is sufficiently small {Garlick 123), Therefore,
: _RESTRICTED
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{,_7 in thé caseé wheré the digtectric constunt charges were sa?ura?ed wel |

. ;be"fiﬁré‘ the 'éoﬁd’uc.t'i-v, ity change with i‘r.) i'he 'exposur.e -range o) .Be used In
) elecfrography, it is possub!e Fhat the daeiecfruc chanoe WOUId haw a

’dsfferenf umporfance af Tow or at hugh expmec sn}es on the pi fcop

". Soiid Staye Medels . - A
The previous model$ Were based on Yflhe conszder:aﬂon of i‘he -
:phosphor as a whofe, and disregarcfed wha% aéfual Iy happened lsn_s’a,d,e '-t-h;e.
‘phos,‘pho,r., They, were iegnhmafe onty msofar as logical deducﬂons
from the experimentai results -wei'e ‘madea A more afnblﬂous plan would
be to wonsider the internail processes in the phosphor during. exposure.
This might be attempted in gcéordance -.w;l-*hh the following, For a given
Intensity, during the time of exposure, radiation penetrated Inside
.. the phosphor only to & small depth, of f;t:ne J-Qnde,-r of ithe 'iénverée_ of the
absorption coefficient, éé <_;ne, could: write fp;" the Fight intensiiy
and dapth x ¢ T =T eﬁ }l-&bSOl"pflOﬂ coetficient), The
probilem could be treated in' ene dimgnsion, The next stop would be fo
establish a relation befween conduchvity, due!ecfric consfanf and
llghf intensity during rise time as a func‘Hon of dep?‘h The sane

should be attempted for the ~decay pericd, 'On‘ce the functions QCX, &

_ and é-(x‘&)are evaiuafed ong could wrzi‘e the f!eld equationss

' . Ay (é &j 9»

Where E is the etectric field, ﬁ,‘,ﬁ,‘i‘s the amount of charge freed per unit

volume at a depi‘h at hme L Furfhermor-'el,

3 | ' | ﬁw*’_.ﬁ

(1) and (2) are a sys‘rem of partial d different equaﬁﬂons' involving the

Pt

RESTRICTED

HORIZONS INCORPONATED % R
- X

i m e co e o e v S e A ke K e e e bl o4



R T o N e il

. : Xy ‘i“fw o

__RESTRICTED

o =

coordinates x and t.  If soluble, they would yietd E {x,t) and hence '

A

27N
p———g

[

A e vy

Vi{x,¥), The valtage at the surface, .

‘However, before pursuing this method, it may be better to have
- the phevious ethod, ’
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APPENQIX 1

NOTES ON A mﬂSRUSPOPlC thURY OF
ELECTROPHOF@FRAPH!C SF&FD

ity st wnwawuu‘w.w Rl T, wh e R, SN

ﬂ"ﬁ lne QuanfummYTead e fff[f, R S T

e )" < - B A

oo n

'deftned and fhe me‘hods of aftack dnvd@d ?nfo fwo maJor classes, ong. bqino N

the macroscopic or phenomenolog!cai ?neory, based cn experimen&ai
evidences and fhe second beqng fhe a*omsc or sotid s¢afe ?heory.
The foilowsng noteg wi!l ‘be matnIY concerned w:fh fhe correlaflon

of experiménts and the problem of eiecfrographtc speed It has-been

reported elsewhere (Baffeaie Reports on Contxnuou5 Tohe Elecfrosfaf!c

-Eiecfrography")w that the Speed depends pr%mari!y on the quantum yleld,,

i@, On the number of eﬁecwrohs ﬁreéduper each quantum of radﬁan% energy..

+t ‘has aiso béen hinted that a yleld much gregter than one is necessary to

obtadn high speed e&eé$rqphotogﬂaphy. Yhese'cohcmus}ons-weﬁe‘based‘on
eatimates on fhe number of Quanta fa@ifng,qn +he unilt area 6£ the piateg,

bn.fhesyﬁqté ¢apacity and on fhew§e§¢rsd26écey¢ Clearly, Ff the¢ fincrease

in phofographic speed did depend onty on an Inérease i quantum yleld,
only the coliection of Information qﬁ an "atomie" theoﬁ#-cdyhdmbé~usefgi
inngving.himts as to the ssarch ioriﬁjgh'sﬁeed;mafertéJg, bns such a.gase,
a "macroscopic" theory could only defermine the best operafxng condifions
for a given phosphor, However, the hope of increasing the speed by dev-

e lopment of new'téChniqges is still worthy of explcration so as to sbtain

an incfease In speed from matefiatsvhavfng %hg:samewquanium.y$eid{ tt has

been reported (Battelie iX) that the reclproc!?y law Is roughly observed,

e

!n Appondix i fhe possxble aims of a fheory Qf electn@graphy were

e L

SR oG

but not complately, since the produ¢+ intensity x(rlme) is consfant(nal 2 h;uh)l

for equally satisfactory ptates, in the range be?ween.s/gs to 100 sqconds.

This means that for smal) times of aperture, the intensity required is higher
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" timés. smailer thar /25 this few isfé§eﬁ iess-obServed«
| In connecfnon wsfh fhns fact one may argue fhaf the quanfum'
yteld is not the only fac?or affecfsng speed (In condsfibns of opflmum

prnpara?:on -and devesopmerf of the p!afes) bu? ?here lS some ofher facfor

invofved such as the Itfefrme of elecfrons (or holes,) For. examplew

lt may heypen fhaf surfacn eiectrons exc:ted by the lxghf quanta, beM

>

retrapped in fhe body of the phosphor before reachlng the bvsk pilate and

3R
L

.h&vlﬁq their charge compensafed by 8 pusitlve charge, The degree of
'Fexgépplng#mmgbi'dapend of the number of ﬁreedﬁeJqurons? so that ét-highér
intensities, the cloud. of retrapped electrons would be respohsible for
higher residual voiiéges-(1ess-e£$ecfive-de¢§y)a than at low inténsities,
i:“; This mQJéd {and others could be tmagined) Show;'$hatlpossibry.azbetfer :
use of the eiectrons freed by Iighf=mgyibe~mad§:by~means~of improved

techniques,,

B. The ﬁhgrge Dgpéyjoprihgdﬁgpbsyré

The current diagrams described in Report No, 8 were obtained

under substantially different conditions than #hééé present during
exposure of the photographic plate, An‘eva4Ua+50n of fhés@ diagrams is
now unéer-way. A¥ preSeﬁtg for fhé-purposelof.évakdaf&pg.jhe parameters
of charge decay o a firsit approximation, it will be=§$suhed'fhak tga
current dxagram during photographic exposure has a shape snmllar to that
of the exper;menfal photocurrent dnagramso Furfhetmore,'sf is agsumgd
that the shutter aperture fime in the ele;frophofographic process to be

considered here, is of the order of magnifude or tess than the rise time

of the current, so that the current diagram wiil substantially consist of
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a steep rise fo a'peak-varac rﬁ:;owed by.a stower dacayo

"

Tha phosphor wvll be consldered equivalent fo a res:stqnoe !n i,

e

- o s e W

paraiief w?fh a capacorance i A'Ia!ly charged ‘and: fhe currenf var'afapn

during. éxposure w;il be ascribed to a change in bofh reSJSfance»and

capacltance‘# The currenf diagram Wou]d be. sqmslar fo thg cenductauce

B S o "—«"-_'...‘ H

diagrem if there was no change in capaca?ance. For fhss approximafson,

ey

Tt witi be assumed fhat bofh conducfance and capacsfy dJagrams ara o -.: D

approxnmafed by two sfraighf lines, and fha? fhe rise dnd deﬂqy times are

B P ~ C

respectively equal {as justified in Appendix l)

N

# This orobjem had b€en ireated in Appendlx le The presenf freafmenr
d!ffers from the previous one in what conductivity rather than resistance

changes are concsdered and the effects of both changes are separated
and compared,
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Lo . l* is-now convenlient to tr#afisgparais! *he followln. cases of

e e iat LA S S et 83 T et e e S e e s 7 s
charge decay. i;,-)) G varjation = ;L)-G vartation -3J)6 variation and : ;
i‘: var‘ra'han . . ] . Lo,

Let us fhen represent the conduc?ance and capac;fance yarjfﬁ}édg ~._

as faalvws- ~ P N i
6 =6 ‘*Aso l" - Go (‘ + Qo @f) . rise

& = Go +ASy ~Ae. =Gy (14 % =9 L) decay :

o L Ase L AGy o ' .
where: go = -r-—-é-g-- 3 9,( = “Gs :
and  arslogousty for the capacitances f
C=Co (1 + e 1/%) rise :

c.~ ® co (’ * -CQ, = Gy T/.é’g ); . dé,caY

" Ca. € ‘

Wheras: Cg = «=d- gy = i ;

(; i The equat fonv to be appi ted In any case isg

--g-v.--tég‘«mo,

p ‘.
with the [nitial condition ¢ = qp. |

1) 6 varles ; ©=Cox const.

The g equaf:on is integrated separately for rise and decay, and: :

yletdss ) S
in %g'- S % (1 +-§9 )} B dur ing condugtivity rise

G e . T g Y
i qm ® = ?E; € - 9o =77 4 during conductivity decay,

where p = '%9‘=r dark decay constant
Q‘ -

in fhe-c&se ﬁhén.the-DHOSpho?'comes-back to iits original
conductivity 3 go =.91.%.9 and fthe. overalt ﬂharge decay fjs:

( "'ﬁ%ﬁ_—’:’“l"e—c“f‘?(‘éﬁy

2) C varies: 6 = Go = const, This of course is a purely
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: { b hypmhef.cai case but :rs frea*menf Wikl be uyefu! for conpar;@on pqrposeq
In this cases, TR E I CONE , ', B R S
R R (I ¢o) & o during capac :f_az;.c:e rise . - .
° ’ql?c"' T ' . - Ce
» inde o T"- iR s Q 3 dur;n capa ttance decay . - :
; do. . 'Z})f-‘h “"%f'cu , 9 pq f
- and in the case conc!,-c, 'i'he overall charge decay LD ; ;
i . oo {
ln'&u—'\ﬂtn Té-i-'t'san(|.;.c) ) '- _"' 5
; This decay woui d -Se mUcH sma;lﬁl-'e,r T-'hah the prévl{zbu;s_ iné '
| s ~:
| 3) Both 6 and ¢ vary. _In. this case one obtains | _ :
' lnﬁ-w LR "‘""'"[96)‘30 - Spzk. in {1 + gg)-] during 6 and C 9"!“&
"nv ’
. . ) !. * e ! ) b ‘. - G
¥ .Q.L_,_ - " [ QpCer + —'-#':‘--gg'-— ™ e & ‘Ix X S (£
during G and € Decay 5
' {m} In the case :.g;,--’wgl, @i CouCyx¢ § e overall decay st
- . ...: e E 7Y 7 v
An —311-- ma ZrT g o [ To oot . 5 [9(1 ¥¢)= L% [ Inf IMJJ --
9 To =T e T « = :
This. @xpression can be *'-i'ﬁ);il"i:i”@d further if one uses it for
E
practicat values of g > |, and T »= Tos and ¢ w® § 5 obkainings {
- ;
ln&‘-—;ﬁ-ﬁ- M{’f’".‘." g[ G = i *C-“"') in (1 "Cﬂ
o :
where it wifi be noticed that the effect of the capacity change Is now :
separated f‘rom that of the cor\duchv:f/, and thai‘ the former i's composed
of fwc terms of opposite s:gns, " To. -e.va fuadte the p,rev?-ou_s expressions let
us. congiider the following example, wrich fépresents average vajluess
%-G-_-v'gleOg 4%»—:-—-@_::":{ .
A pure G change would yié!de: b 3oL 50. Za+
, , 9 T
A pure C change would yieid:; : r.wﬂﬂ-. P4 0,7 ..'E?...‘f'._?.!
(_ 90 T
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.. As6..and_C..change. would yielda .. I,su. M

o s

"fhe*darkwdggay is

These rnsulfs shqw fhat w:thn fhe range of va!ues of conductbynfy
and capaaify changeq guven above, and wlfhln fhe iimliaflons of ?he present
raSSUmpflons, fhe capac:fy cnange s fo be cons:dered as a dnsadvanfage w;fh

=respe¢t fo. ?he overa;l charge decay. ThIS concluslon ls xnfu fiveiy

j sfnfied by ‘the fact that an Increase in capauitance tends ?o keep charges

«-(\

;cm f;« wing out of the conderser plafes, as it is also shown by the
decay in the case of 2 ghéqgg in € ~niy, which Ts slower than fhe dark
decay in the same time (%e+%,) . -Actually, the above decay formuld
sﬁows that the C Mgr!ﬂ&?on-may-c?mpenééte for the & varlation, Thﬁs-woéfd
happen for a v§$ué of ¢ a#ouﬁd t;&,,for which the ¢ depehdéni term In the
decay vanishes, For values of ¢> {,3 there would resuit 2 build up of
charges'r&fher fhan a Jecay, regakdwess of ‘how big g may be, ~05 the other
fhanq,"@~gqpaéfiy3§ecrea$eﬁ_rather than increase, would probably enhange

s

the decay,

The reason why plates showing a retatively high change of capacity

A e

(In bridge measurements from dark to 1ight, ) had retlatively good phofograph;d

~speed, may perhaps be ascribed to the fact that a high capéacify change is
normajiy accompanied by a high conducfivity change, This fact is recognized
al5c by the macroscopic fhééry of-&ie!écfrics, which érgves that both
real aﬁq imaginary component of dieleciric constant are intih@fejy cénneaféd
and derivable the one from the ofher by means of a common deéay funéfioﬁ

(Frohiich = "Theory of Dielectrics" - Oxford 1949, Ch, 1.)
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The previous decay formulae $how ?haf every o?her parnme?er

7y

being the Ssme, the cherge decay is. inversely proporfconal fo fhe dark

time constant, It would, hqwever, 5 !eadnng to conglude fhat cf one
could obtain, by proper freafmenf of fbe phpsphoy, a decrease .n fhe dark

time constant compatnble with other requeremenfs, then ?he speed wou!d be-.

increased, A decrease in time conrfant wouid probably be accompan:ed by a

decrease In the conducfcthy'change g, and it is ouv¢ous4y,dgff+gu4f fo say

whether the qyera1lrcharge decay will be fncreased'ér‘ﬁbt“ Here again,”
if the reciprocity law for exposure was exactiy obeyed In a broad range of
dark timé constanis, the answer to such a question woutd be Qlearly fhat

no change in oqverall decay should be observed, However, |+-s¢111ocs

tempting fo investigate furfher this possibiiity, For exampie, the reversal

14
technigue described rn‘Reporf Nos 8 may be ctlassified as a means of

reducing the dark Time constant., In fact; voltage decay curves given in *
this report prove that the effect of reversal is not only to. Increase the
Light current in C,R.0, measurements, but also to degrease the dork time
consfant, so thai the former effect may be, at leasv partily, ascfibed to
the tatter,

To degide whether the reversal technique is a real-adyanfageugne

should compare fhe charge decays obtained withs a) a pla¥~ subjected to

reversal, b) a plate of the same fype of phosphér p?gw%ousty.deed=in

such a way es fto obtein the same dark {ime constant as the_pheviouslplaté
affer reversal, From this viewpoinf, it appears that the only conciusive
test {besices actuai photography of course) is the ﬁeasuremenf of voltage

decay,
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s The prevncUo Pan*tderafseﬁs tead o the *enfgrnve coacgggipp = _‘771“ = ;
{ S jhaf feghgfqups su;h as rev&rsa% tené:ng,to decrease The dark time B ;
' g _cnésfanf may have prac?icai agpégﬁa%tOP only. 3? rhey couid be uqed in the ;
é‘: : caméra i?sedf shor%iy oerore e posureo_ ?f %waas POSSfO‘e *0 aPP‘Y a o Z
f_‘ ‘L_ po?en?sai duﬁiﬁ& exaqyurug Jcme ;n;ﬂrés*ing poas piti f&es could be _ )
. ) lnvesitgafed, sueh as teversal, ?he spptication of high'yqltage,pu$s¢$,

B 'o%':;C-NPUises, %he fai!ewrnguarkﬁngéﬁenfbié 5Q§9?§¢é&‘f¢r,fﬁjs-burPQS?% o t%

. n';“i‘: B ' fr g\? - : -

conducting giass - S

-~ fransparent angulafunc goat ;

i - On . giaﬁv 3
phosphor

l L

2
brags plate o i
applied potential. :

A thin slab of conducting glass coated with a iransparent :
insujating coat couid be layed against thé phosphor plate, and potential i

applied during exposure between the glass and the piatz,

e s S I ————— &,
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